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I. SUMMARY 

A ^T     ,and Pil0t Plant feed P^paration operations were directed 
toward the development of a suitable boric oxide-carbon feed mateHal cap- 
able of chlorinatxon to boron trichloride in a vertical-shaft fixTd-bed or 

me^^f        KreaCt0r-    ^ **P*ri™^ Program also included the develop. 
S ho, .       C°mPacted feed for use in a secondary reactor.    Mixtures 
of boron and carbon carrier together with a binder were first «mpac^d 
nto granules, almond shaped briquets, and tablets.    Next the vaTus feed 

ZTA    Tr  Were 8inter,ed at temP"atures ranging from 200 "o 1300^ for 
periods of time rangmg from 20 to 180 minutes in order to establish (a) 
^1 of"1 'K1"111! "ndition8 and formulations with respect to amoun   and 
type of carbon and boron carrier, and binder, and (b) sintering losses     Car 
bon sources (Witco furnace black, petroleum coke powder    a^d Güsonltef 

starch wY^rrn1811? ofPetrole-P^ch sugar-wa^er. unrefined sugar later 
starch-water and molasses water were evaluated.    Boron carriers invest 
gated were boric oxide, boric acid and sodium tetraborate     PelTetized feed 
was sintered with the use of batch and continuous equipment.    Tes s were 
also conducted to evaluate prototypes of commercially^vailable equipment 
for compacting, drying, and sintering feed materials. e<l^Pment 

carrier^rirhn?1, laboratory t68]8 ^owed that the most suitable boron 
^        i K earner, and binder were,  respectively: 60 or 100 mesh 
technical bone acid powder.  Witco Chemical Co.  F-l powdered and SRF 
beaded furnace black, and sugar-water.    These tests aU^ showed that 
mixtures of bone acid, furnace black and binder could be compacted   nto 
tablets, bnquets, or granules to produce a hard easily handlTd materUl 
which upon sintering at 800 to 900-F yielded a hard porous solidTranu^ 

tha^he1"8 ?*2 ? 0- 3 P,er Cent hydr0gen-    Chlorination exper^menf    showed 
that the sintered granules were highly reactive.    Acceptable sintered carbon 
briquets and tablets were prepared by sintering mixtures of WUco carbon 
and sugar-water at 750'F for 1 hour.    Hygroscopicity tests on sintered 
bnquets showed that sintered feed is very hygroscopic,  thus requirin* 
appropriate storage facilities. requiring 

II. INTRODUCTION 

for the iur^of i955 Proce8s development operation, were inaugurated 
or the purpose of developing a suitable boric oxide-carbon or sodium 

tetraborate-carbon feed capable of being chlorinated in a vertical shTft 
fixed- or moving-bed reactor to produce boron trichloride     ExnerimJL 
tion was conducted in prepilot and pilot plant size equipment     Over™ 
rr?'10^ "^r0 0f: (a) Preparin8 a mix consisting "f the boron carrier 
boric oxide    or boric acid, or sodium tetraborate) and carbon (■'Witco" 

furnace black, petroleum coke or Gilsonite); (b) adding a binder    {wlter 

"I ri,b^on8aor;:ater,  8tarCh 7^' " pitCh^ ^ mixin« these co^smuents n a ribbon or sigma mixer; (d) forming spherical feed by rolling in an 

haned bn      ^ drUm 0r Pre8Sing the mixed feed into tablet   or8aTmond shaped briquets in appropriate machinery; and (e) drying or .intern, the 
green (unsintered) compacted feed to decompose the binder and convfrt 

to the0änCh;dr0
t0 f

b0riC ^V t0 ^^ the ^^ -dium tet^bo ate 
marv r^/a ' ?T'    **** Pre^r^n studies are divided into two pr - 
Tndl^rg ^ preparation of ^sintered compacted feed (pellehzing) and (b) drying and sintering. ^ "cii«iu8; 

Page I 

I 



With specific boron and carbon raw materials and a specific carbon 
to boron ratio, small experimental batches of solids were mixed with varying 
amounts of binder to develop formulations capable of yielding acceptable green 
compacted feed.    Experimental formulations producing acceptable unsintered 
compacted feed were sintered at elevated temperatures.   Optimum formula- 
tions were scaled up to determine the effect of such variables as sintering 
time and temperature on sintering losses, residual hydrogen content, and 
mechanical characteristics.    The program also included development of a 
carbon compacted feed for use in a secondary carbon-bed reactor*.    In 
addition to the basic program described above, this investigation included 
oxidation of green compacted feed, hygroscopicity of sintered boric oxide- 
carbon feed, use of a rotary calciner to sinter green compacted feed, effect 
of predrying prior to sintering, and several alternate methods of producing 
feed with standard industrial equipment. 

Criteria used to determine the acceptability of pelletized-sintered 
feed were: 

1.    Capability of the formulation used to produce sound unsintered 
pellets. 

I.    Resistance to disintegration during transfer from compacting 
process equipment to the sintering chamber. 

3. Maintenance of shape duripg sintering; resistance to flow and 
fusing. 

4. Resistance to deformation under a pressure of 1 5 p s i 
(equivalent to 5 feet of bed in the chlorinator). 

5. Resistance to disintegration when charged to the chlorinator. 

6. Minimum of hydrogen content of sintered feed. 

In order to designate the various solid feed formulations employed 
in the test program a code was developed.    An explanation of this code is 
as follows: 

Designation:   A-100   W 2.0   SyWa   (80 Wa) 

Item:    12       3   4       5 6 

Item 1:    Source of boron 
A = boric acid, H3BO3 ' 
O = boric oxide,  B2O3 
NBO = sodium tetraborate, Na2B407 (anhydrous) ! 

Prepilot chlonnation studies are summarized in the following reports 
Olin Mathieson Chemical Corp.  Technical Report» OMCC-HEF-100 (li 
and OMCC-HEF-158 (2) ' 

». 

■' 
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Item 2:   Per cent excess carbon over the stoichiometric quantity 
based on the reaction: 

B2Oj + 3 C + 3 Clz^ »2 BClj + 3 CO (T) 

Example:   A-100W etc. contains 123.6 g. boric acid (2 moles) 
which is equivalent to 1 mole of boric oxide plus 72 g. Witco 
carbon black, (6 moles) 

Item 3:   Source of carbon 
W = Witco Chemical Company furnace black: F-l powder 
for tabletted feed and SRF beaded black for briquetted feed 
CG = calcined Gilsonite 
PC = petroleum coke 

Item 4:    Weight per cent of the binder on a wet (acid or oxide and 
carbon and binder) basis 

Item 5:    Type of binder 
K-150: Koppers Pitch, m. p    = 150CF 
K-200: Koppers Pitch, m. p.  = ZOO'F 
SuWa: sugar-water 
BSuWa: brown sugar-water 
SWa: starch-water 
MWa: industrial molasses-water 

Item 6:    Weight per cent of water in the binder 

A list of boron and carbon raw materials is presented in Appendix A; 
Figure 1 shows the boron to carbon ratio versus excess carbon in the feed 
formulation code. 

III. PREPARATION OF FEED FORMULATIONS 

A. Tabletting (Bench Scale) 

1.     Equipment and Procedure 

Carbon and boron (boric oxide, boric acid or sodium 
tetraborate) tablets were prepared in accordance with the following opera- 
ting procedures: 

1. The carbon and boron carriers (raw materials) 
were premixed in a rotating drum. 

2. The premixed dry ingredients were transferred 
to a sigma blade mixer. 

a. Pitch binder was prepared by chilling K-150 
or K-200 pitch with Dry Ice and then pulverizing and screening the chilled 
pitch. 

b. Starch-water, molasses-water, or sugar water 
was mixed to obtain a homogenous solution before addition to the dry ingredi- 
ents. page 3 

3.     The binder was prepared and slowly added to the 
premixed dry ingredients contained in the sigma mixer. r 

/. 



4.     The "wet" feed was mixed for approximately 1 hour. 

.     . u. 
5-     "Wetn feed wa8 removed from the mixer and allowed 

to dry at ambient temperature if necessary. 

6.     The dry mix was screened through a 14 mesh standard 
screen. 

, ]'     The mix was pressed into 1/4 to 3/8 inch diameter 
by 1/4 inch long tablets with a Stokes model {A3) Tabletting Machine. 

.        .     .        , 8.      The "green" tablets were sintered in a Cenco-Cooley 
bench size electric muffle furnace.    Process flowsheets for the preparation 
of granules, tablets, and briquets are presented in Figure 2. 

. .   . Experimental formulations prepared to determine optimum 
binder content with respect to green tablet strength characteristics were 
homogenized with a mortar and pestle instead of the sigma mixer because 
each batch consisted of only 250 grams. 

Results obtained from the tablet development studies for 
various sources of boron, carbon, and binders are summarized in Table I 
Table I also includes sintering characteristics.   Sintering characteristics ' 
may not be divorced from feed compacting with respect to tablet develop- 
ment studies.    A number of feed formulations yielded acceptable "green" 
(unsintered) tablets which deformed and/or fused upon sintering. 

2-     Preparation of Boric Oxide-Carbon Tablets with K-150 
or K-2UÜ PitcF      '  

Pellet development experiments were initiated with the 
use of 60 mesh Pacific Coast boric oxide, Witco F-l furnace black, and Hoppers 
pitch having a melting point of either 140 - ISOT (K-150) or 200 - 220,F 
(K-200).    Optimum formulations containing various amounts excess carbon 
were developed.    Data obtained from these studies are summarized in 
Table II.    Two criteria were used to evaluate the tablets.    The first con- 
sisted of a drop test and is a modified American Society for Testing Materials 
test for the determination of the relative strength of tablets before sintering 
The test procedure consisted of dropping a number of tablets from various 
heights and noting the maximum height from which 75 per cent of the tablets 
maintained their shape.    The other criterion used consisted of heating the 
green tablets to 1110'F (600«C) and noting the physical characteristics of 
the sintered tablets.    Acceptable tablets should neither deform nor fuse 
during the sintering operation.    Figure 3 relates the effect of excess carbon 
on results of the drop test and sintering test for formulations containing i 
bone oxide and K-150 pitch.    It is noted that the maximum tablet strength 
before sintering and the most satisfactory pellets after sintering did not I 
coincide at a common percentage of excess carbon.    When K-200 was used 
as the binder material (Figure 4) very little change in the before-sintering 
strength occurred until approximately 200 per cent excess carbon was used 
after which a rapid decrease occurred.    Figure 4 also shows that the optimum 
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Witco F-l carbon content is approximately 165 per cent and that this is 
nearly the same as for formulations with K-150 pitch as binder.   Although 
the formulations 0-150W-25K150, 0-100W-25K150, 0-150W-25K200 yielded 
acceptable tablets from a standpoint of physical characteristics both before 
and after sintering, cost estimates indicated that savings could be realized 
by using boric acid rather than boric oxide as the source of boron. 

Results obtained from tablet preparation studies with 
boric acid, Witco F-l carbon or Great Lakes Carbon Co. petroleum coke, 
and K-150 or K-200 pitch binder are summarized in Table III.    Optimum 
formulations developed from this phase of study were included in Table I. 
Figure 5 shows the effect of various amounts of K-150 pitch on the strength 
of tablets formed from boric acid and 10 per cent excess Witco carbon.    This 
figure shows that the formulation resulting in the lowest number of tablets 
broken during preparation also produce the firmest sintered tablets.    K-150- 
bound formulations prepared with boric acid and containing as much as 100 
per cent excess carbon, exhibited excessive fusing during sintering.    For 
this reason, and because of excessively high sintering temperatures required 
to eliminate sulfur in the sintered tablets (originating from the pitch), the 
use of starch-water and sugar water as the binder was investigated. 

3- Preparation of Boric Oxide-Carbon Tablets from Boric 
Acid and Starch-Water Binder 

Boric oxide-Witco carbon tablets with starch-water 
solution as the binder were prepared with excess carbon contents ranging 
from 100 to 1000 per cent.    Results compiled in Table I show that some 
fusing was observed for sintering temperatures as low as '^O'F.    Also 
physical characteristics were hard to duplicate from batch to batch.    How- 
ever, the substitution of starch-water for K-150 resulted in considerably 
less fusing. 

4- Preparation of Boric Oxide-Carbon Tablets from Boric 
Acid and Sugar-Water BindeT      ' 

The utilization of sugar water as the binder in the pre- 
paration of boric oxide-Witco carbon tablets represented a substantial im- 
provement from the standpoint of green and sintered tablet characteristics 
Data presented in Table I show that acceptable unsintered tablets were pro- 
duced with from 50 to 1000 per cent excess carbon.    With the exception of 
the 50 per cent excess carbon formulation {A; 50W15SuWa (80 Wa)) which 
fused on sintering at temperatures as low as lllO'F, all these formula- 
tions produced hard and undeformed sintered stock which did not fuse in 
the sintering tray at temperatures at least as high as IZWF.   Optimum 
sugar-water binder contents are illustrated in Figure 6. 

Use of Alternate Sources of Sugar 
- 

As part of the overall program to determine the cheapest t 
raw materials for the chlorination process tablet development studies were I 
conducted with brown sugar and molasses instead of the refined form of 
sugar.    Brown sugar-water solutions ranging in concentration from 20 to 
40 per cent sugar and total binder contents ranging from 5 to 25 per cent 
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(on a wet basis) were tested utilizing boric acid and Witco F-l as the source 
of boron and carbon, respectively.    Excellent unsintered tablets for the 
formulation A- lOOW- 20B SuWa (60Wa) were obtained which did not exhibit 

nl^rU0 fU8e " deform When expo8ed to temperatures as Wgfas 
f0r,i minute8'    However, the equivalent formulation with refined 

sugar. A-100W. 20 SuWa (80Wa) required only half as much sugar; thus 
the use of brown sugar would not be economically feasible.    In addition 
subsequent sintering tests showed that higher sintering temperatures were 
required to reduce the residual hydrogen content to 0. 24 per cent. 

A satisfactory A- 100W tablet was developed with industrial 

T Sow S2"oWMwI ^OWV^K8 aient-    Tabletted feed of the formulation I00w'20MWa {60Wa) exhibited excellent sintering characteristics com- 
parable to A. 100W formulations in which starch-water and sugar-water were 
ts^ZHrHOrrr• ' "«"^disadvantage of industria! moTas^esTs 
Ini  w !? f0ntent:. approximately 8. 4 per cent.    Sintered A- lOOW- 20MWa 

Senftn i";^V1^«' 08 t0 '' 70 ^ "^ aSh Which i8 h*li™* ^Te sufficien   to adversely affect reactivity or fusion characteristics.    For these 
reasons the utilization of molasses as a binding agent is not advisable. 

6.     Elimination of Sugar in the Binder 

«.,„»,.     ,►     u;    lt WaS P088ible that 8ugar could be eliminated from the 
inTv ^ A foow       8inCe b0r|C OXide exhibit8 bindin« characteristics.  Accord- 
AÄ7 an

u
A: 100W experimental mix was developed with the use of only water 

Although these tablets showed excellent physical characteristics after a 
sintering treatment at lOOO'F they exhibited very poor strength character- 
istics in the unsintered condition.    This experiment indicatesgthatwa*er alone 
should not be used as the binder. 

7'     Use of Alternate Sources of Carbon 

As part of the general program for investieatine alternate 
carbon carriers with emphasis on cost reduction, formulations containfng 
SRF ^rK   "K   S^ar-^ate

1
r were Prepared utilizing petroleum coke. Witco 

SRF carbon beads, and Gilsonite (a form of petroleum coke).    Acceptable 
unsintered tablets containing 100 and 200 per cent excess petroleum coke 
were developed     Upon sintering at 1000-F severe fusion was observed 

Tnlr^LT   ***£ ^ inability 0f the hard den8e carbon Paroles to absorb and disperse the boric oxide.    The use of petroleum coke as the 
carbon source is not recommended. 

nilnfni»^ .    In ^ of anticipated use of Witco SRF carbon beads in 
pilot plant operations for preparation of briquetted reactor feed, formula- i 
tions containing 50 and 100 per cent excess SRF Witco carbon were pre- 
pared and tabletted     Witco SRF furnace black (l/l6 inch diameter beads) 
are prepared from Witco F-l powder by a balling process.    In each case 
mLt    "T r"1016 8iZe " 70 milli™"ons.    RgesPults from these experi- 
Sr b^h^nr     are Pre8e"te.d in Table I,  show that excessive fusing occurred 
for both optimum formulations at a sintering temperature of 1000«F     This 
behavior suggested that the Witco SRF beaded carbon, having a much higher 
apparent particle size, was unable to absorb or disperse theVorTc acid 
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powder during mixing.    Furthermore, it was indicated that adequate dis- 
persion of boric acid in carbon on a micro scale is required to minimize 
fusing.    Excessive fusing of A- 100W SRF25K150 tablets was observed 
earlier in the development program when inadequate inventory of F-l 
powder necessitated utilization of SRF Witco carbon. 

Calcined Gilsonite coke (American Gilsonite Company) 
which is obtained as a residue from shale was investigated because of 
its lower cost.    All formulations containing 100 per cent excess carbon 
(A- 100CG) and sugar-water binder were too wet and thus incapable of 
being formed into tablets.    Elimination of water in the binder yielded a 
mix capable of being pressed into tablets.    However, A-IOOCG tablets pre- 
pared with only sugar as the binding medium were rather weak before 
sintering and fused severely when sintered at lOOO'F.    Again, the fusing 
may be attributed to the inability of the Gilsonite particles (100 mesh) to 
disperse the boric acid.    Calcined Gilsonite is not recommended for use 
as carbon source for feed preparation. 

8.     Preparation of Anhydrous Sodium Tetraborate-Witco 
(jarbon Tablets with Sugar-Water Binder 

Tablet development studies were expanded to include 
feed prepared with sodium tetraborate as the boron carrier.    Initial studies 
were conducted with Razorite, (Na2B407- 4H20).    The optimum 100 per cent 
excess carbon formulation, NBO- 100W.45SuWa (80Wa), produced acceptable 
compacted feed which fused severely upon sintering at 1000oF.    Formula- 
tions containing 200 and 300 per cent excess carbon also fused severely. 
Development studies with granular Razorite were abandoned and instead 
anhydrous borax was used as the boron carrier.   Addition of water to an- 
hydrous borax-carbon mixtures resulted in the formation of hydrates of 
borax which caused the mix to set similar to cement.   Small batches of 
borax-carbon tablets containing between zero and 200 per cent excess car- 
bon were successfully tabletted by minimizing the water content of the binder. 
Whereas the formulations containing between zero and 50 per cent excess 
carbon yielded fairly good sintered stock, mixes containing between 100 
and 200 per cent excess carbon almost disintegratted when sintered at lOOO'F. 
Failure to develop a satisfactory anhydrous borax-carbon tablet containing 
100 to 200 per cent excess carbon was attributed to increased water re- 
quirements and partial loss of natural binding action of sodium tetraborate 
at the higher carbon contents.    The use of K-150 coke pitch instead of 
sugar-water solutions was found satisfactory from the standpoint of pelle- 
ting; when sintered, oil- or pitch-bound formulations fused. 

9.     Preparation of Carbon Tablets from Witco F-l Carbon 
with K-150, Pitch, Sugar-Water or Starch-Water Binders 

i 

The data contained in Table I show that attempts to (X 
develop an acceptable carbon-base tablet with Witco F-l powder and K-150 y 
pitch were unsuccessful.    Witco-K-150 pitch formulations became very 
fluffy during mixing which resulted in a thin, undersized, and weak tablet. P, 

Page 7 

i 

i 



The utilization of either sugar or starch solutions as the binder yielded 

^Q w^Ä8^611 ^ SiTred feed-    The 0Ptimum fo^ulation 67W 
J3SuWa (70Wa) proved to be slightly superior to that of 67W 33SWa (70Wal 
in that before sintering strength was somewhat better.    In spite of the 
f/Ki^r11' ?• accePtable sugar-water and starch-water bound carbon 
tablets the optimum formulations were weaker than boric oxide-carbon 

nerT«^1^8;    DU,8ting ^u crackinß occurred during sintering which would 
necessitate recycling a substantial amount of sintered stock.    The reduc- 

IrcMl^n^urjfMndir"^ *" ^^^^^ t0 the ab8enCe of boric ™** 

B« Briquetting (Pilot Plant) 

!•     Equipment and Procedure 

One hundred pound batches of almond shaped boric oxide- 

proced Te *       qUetS Were prePared in accordance with the following 

„ ,       .       „ l'     Sixty-mesh boric acid was pulverized in a "Mikro- 

Company       S1Ze 1 SH, manufacturRd by the Pulverizing Machinery 

an. w.. .       .    i'^ A Predetermined amount of Witco SRF beaded carbon 
Day Co)0 PUlveriZed boriC acid was charged ^ ^ ribbon mixer (type B. J. H. 

,      j,   ,    ,     ,       3•,    The sugar-water or starch-water binder solution 
was added slowly to the mixing dry chemical. 

4-     Mixing was continued for 30 minutes or until the 
constituents were thoroughly mixed (as determined by visual observation) 
The mix was adjusted to proper consistency by adding small amounts of 
water or carbon. 

, 5-     The blended mix was removed from the ribbon 
mixer and charged to the briquettor feed hopper. 

6-     The mixed feed was pressed into 1 by 3/4 by 1/2 
inch briquets with a Komarek-Greaves model 4192 briquetting machine 
having a capacity of from 51,840 to 129.500 briquets per hour.    (Fine 
partic es or undersized or imperfect briquets are separated from accept- 
able stock by allowing the briquets dropping from the briquettor to pass 
over an inclined screen). H 

i 
h**>.A    in »        /    ^   . The piquets were then charged to an electrically- 
heated.    G-tray (capacity. 25 lb. /tray) Special Qehnrich Bench type oven 
manufactured by the W. S.  Rockwell Company. 

8-     The briquets were sintered at the following tempera- 
tures under a continuous nitrogen purge: or -^ 

400,F for 1/2 hour 
500^ for 1/2 hour 
600'F for 1/2 hour 
900^ for 1-1/2 hour 

['4 
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9.     The sintered briquets were removed from the oven, 
screened to remove particles and defective stock and stored in sealed 10 
gallon cans. 

Several batches of unsintered briquets were transferred to the 
prepilot-group for sintering and reaction evaluation tests.    Also,  samples 
from several batches were heated in a laboratory type muffle furnace to 
evaluate fusing characteristics. 

2.     Preparation of Boric Oxide-Carbon Briquets with Starch- 
Water Binder 

Briquet development operations were conducted to develop 
a starch-water bound boric oxide-carbon briquet containing 100 per cent 
excess carbon from 60-mesh technical grade boric acid powder (Pacific Coast 
Borax) and SRF-Witco beaded carbon.    Results from these experiments are 
presented in Table IV. 

Binder ratios of from 0. 1 to 0. 35 starch/boric acid + carbon 
were investigated with the use of uncooked starch.    Overall formulations tested 
ranged from A- 100W-25. 5 SWa (88Wa), S/BA+C = 0. 04, Wa/BA+C = 0. 30 to 
A- 100W. 45. 1 SWa (57.3 Wa), S/BA+C = 0. 35, Wa/BA+C = 0.47.    Increasing 
the S/BA+C ratio from 0. 1 to 0. 35 was accompanied by a decreased in the 
strength of unsintered briquets.    Good unsintered briquets were obtained with 
the following formulation: A- 100W-25. 5SWa (88Wa), S/BA+C = 0. 04, Wa/BA+C = 
0. 30.    However, an A» 100 starch-water bound briquet having as good strength 
unsintered as sugar-water bound formulations could not be attained.    Upon 
sintering at 1000eF,  starch-water bound formulations retained their original 
shape and showed no evidence of fusing or deforming.    However, when exposed 
to HOOT under a weight equivalent to 4 feet of bed, deformation and fusing 
was observed. 

Several A» 100W experimental batches were prepared with 
cooked starch-water solutions as the binder.    Formulations investigated ranged 
from A-1 00W. 24. 4SWa (87. 5Wa),  C/BA+C = 0. 04,  Wa/BA+C = 0. 28 to 
A- 100W- 48. 8SWa (89. 5 Wa), S/BA+C = 0. 1. Wa/BA+C = 0. 85.    Cooked 
starch-water formulations having high Wa/BA+C ratios were too damp and 
could not be briquetted.    Except for formulations having low starch and water 
ratios, excessive balling and granulation occurred during mixing in the Day 
mixer.    The formulation A- 100W- 24. 8SWa (87. 5Wa) yielded unsintered 
briquets superior to those using uncooked starch but inferior to those sugar 
water binder solutions.    Sintering and muffling (at 1300oF) characteristics 
for cooked starch-water formulations were identical to those with uncooked 
starch-water as binder. 

3'     Preparation of Boric Oxide-Carbon Briquets with Sugar 
Water Binder a  

Initially, experimentation was confined to the development '"t 
of a boric acid  Witco SRF carbon-sugar water briquet containing 100 per cent 
excess Witco carbon.    Formulations investigated were in the range 
A-100W- ITSuWa (80Wa).  Wa, BA+C = 0.164 and SU/BA+C = 0.041,  to 
A-100W. 31.1 SuWa (33. SWa),  Wa/BA+C = 0. 1 5Z and Su, BA+C = 0.297. 
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Batches having a low binder content such as A- 100W- 17SuWa (80Wa) exhibited 
poor strength before sintering.    However,  the formulation A» 100W«25 SuWa 
(85Wa) produced excellent unsintered briquets which exhibited no or very little 
fusing when sintered at lOOO'F.    Yet briquets of the last two formulations 
deformed and fused when muffled at 1300oF under a weight equivalent to 4 feet 
of briquets.    Increasing the total binder content and the sugar/boric acid + 
carbon ratio yielded excellent unsintered briquets which sintered well and did 
not deform or fuse during the muffling test.    This optimum formulation was 
A- lOOW- 31. 1 SuWa (33Wa),  Wa/ BA+C = 0. 15 and Su/BA+C = 0. 30.    Increasing 
the total binder content to 34 per cent, A' lOOW- 34SuWa (61.4 Wa) gave a mix 
that was too wet. 

In preparing A- 100W briquets with sugar-water binder, 
sintering characteristics were hard to duplicate.    That is,  some batches 
exhibited a tendency to fuse during the muffle test and, at times, during 
sintering.    Whenever a new batch of raw materials was utilized, a slight ad- 
justment in the binder content was necessary to produce a suitable mix.    Al- 
though quantitative data were never obtained, particle size and strength charac 
teristics of Witco SRF beaded carbon seems to have a significant influence on 
binder requirements and sintering characteristics. 

It was theorized that the sintering characteristics were 
functions of the boron density and carbon content of the sintered briquets. 
Accordingly a series of 20-lb. mixes varying from 6 per cent excess carbon 
(A -bW- ZOSuWa (60Wa)) to 224 per cent excess carbon (A- 224W. 32. 8 SuWa 
(41. 2 Wa)) were briquetted and sintered.    Results from these tests are shown 
in Figure 7 which compares the sintering characteristics as a function of car- 
bon content and boron density of sintered briquets.    Data summarized in Table V 
under "Variation of Per Cent Excess Carbon" are based on analytical results 
of sintered briquets.    Figure 7 shows that above 150 per cent excess carbon 
no fusing is encountered.    The formulation A« 150W. 25SuWa (70Wa), Su/BA+C = 
0. 10 and Wa/BA+C = 0. 234 yielded excellent sintered briquets and this formula 
tion was used to produce briquets for chlorination in the pilot plant reactor 
Although this formulation required adjustment to compensate for inconsistancics 
encountered in different batches of raw materials,  briquets produced were 
sound and fusing was not observed. 

4.     Preparation of Carbon Briquets with Starch-Water Binder 

Formulations investigated for carbon briquet development 
studies with starch-water binders ranged from bSW« 35 SWa (81. 5 Wa) 
S/C = 0. 1 and Wa/C = 0. 44,  to 47. 25W- 52. 75SWa (68. 8 Wa), S/C = 0. 35 
and Wa/C = 0. 77.   (Table VI)   Almost all briquets of the latter formulation 
fractured or disintegrated during sintering, presumably because of excessive 
binder.    Briquets of the former formulation exhibited a considerable improve- 
ment in sintering characteristics; however, after heating in the muffle furnace 
to nOO'F,  they were crushed very easily.    No such difficulty was encountered 
during carbon-sugar water briquet development.    The use of starch-water 
solutions as bindir.g media is not recommended. tf 
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5-     Preparation of Carbon Briquets with Sugar-Water Binder 

Results for SRF Witco carbon-sugar water briquet develop- 
ment studxes are presented in Table VII.    Sugar/carbon and Water/carbon 
ratios were varied.    The formulation 69W. 31SuWa (66. 7Wa) produced unsintered 
briquets having very poor mechanical characteristics.    This formulation is 
almost identical with the optimum formulation for tabletized feed 67W. 33SuWa 
(70Wa) for which F-l Witco powder was used.    Increasing the sugar/carbon 
and water/carbon ratios to 0. 35 and 0. 25, respectively, considerably improved 

^Qw  Jr^w IZ81?163"611 ^ Sintered bri{luets-    The optimum formulation 
S9W. 41SuWa (64Wa) was used to prepare carbon briquets for the chlorination 
pilot plant.    The significant increase in binder requirements may be attributed 
to greater particle size (SRF vs F-l) and the difference in mechanical equip- 
ment used to compact the feed.    Regardless of the formulation, carbon sugar 
water briquets tended to break when muffled at 1300oF. 

.u      « Mixes 84A and 84B (see Table VII) were prepared to deter 
mine the effect on binder requirements of premixing the Witco SRF beads in 
the ribbon mixer     In experiment 84B the SRF carbon was premixed for approxi- 
mately 1/2 hour before adding the binder.    The same amount of sugar-water 
solution was required for both 84B and the control experiment 84A (no pre- 
mixing). x      r 

C. Rotary Granulation 

t    A t       x.      Li
Preliminary feasibility studies indicated that the use of spherical 

leed for the chlorination reactor would result in a lower cost of feed prepara- 
tion     Therefore   feed preparation studies were expanded to include the develop 
ment of spherical granular feed material.    Although some effort was expended 
to develop satisfactory borax-Witco carbon and Witco carbon granules, approxi- 
mately 95 per cent of rotary granulation experiments were confined to boric 
acid-Witco carbon-sugar water-formulations. 

1.     Equipment and Operating Procedures 

_    .. , Three different rotary granulators were used in the program 
Preliminary feasibility experiments were conducted with a 4-quart inclined 
Abbe Jar Mill rotating at approximately 60 r. p. m.    Water was introduced into 
the jar mill containing the bed of dry materials through either a pneumatic 
nozzle or a pipette.    Results with the jar mill (designated as RG- 1) were en- 
couraging and the process was scaled up to a 12-inch diameter by 16-inch lone 
rotary granulator to accomodate 5 pound batches of dry mix.    Figure 8, shows 

l^or^n 1
C^P0nen

o
tf ff thiS installation-    A production unit. Rotary Granu- 

lator RG-1I1 (Figure 9) 36 inches in diameter by 14 inches long was fabricated 
having a capacity of 40 to 50 pounds of granules, in order to prepare granular 
feed for the pilot plant reactor.    In order to produce balls of more constant 
diame er and to allow pre-drying of the granules with a blast of hot air, a 
!Jb gallon drum for the purpose was installed at the discharge end of RG-111 

. 
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Operating procedure for the Abbe Jar Mill, RG-1, was 
as follows: 

1. Two-hundred thiry grams of premixed dry solids 
(boric acid, Witco F-l carbon and sugar) were charged into the jar mill. 

2. A predetermined amount of water was slowly added 
to the dry mix contained in the rotating jar. 

3. The mill was operated so as to produce balls of proper 
diameter. 

4. The wet granules were sampled for moisture determina- 
tion. 

5. The remaining wet granules were dried at 1940F for 
1 hour and sintered at lOOOT for an additional hour. 

6. The sintered granules were screened; screened frac- 
tions were submitted for boron, carbon and hydrogen analysis. 

Operating procedure for the 12 inch diameter by 6 inches long 
rotary granulator, RG-II, was as follows: 

1. Five pounds of dry mix was charged to the rotary 
granulator. 

2. Sufficient water was slowly added to yield granules 
of desired size. 

3. The mix was allowed to granulate after addition of 
water so as to produce granules of satisfactory size. 

4. The wet granules were sampled for determination of 
moisture. 

5. The wet granules were dried at 194eF for 1 hour and 
screened to determine particle size distribution. 

6. The screened granules were sintered at 1000,,F for 
1 hour. 

7. The sintered granules were separated into the follow- 
ing fractions:   6 mesh to 1/4 in. ; 1/4 to 1/2 in. ; 1/2 to 3/4 in. ; 3/4 to 1 in. 

8. The sintered fractions were sampled for determination 
of boron, carbon and hydrogen content and stored in sealed containers. 

The operating procedure for the RG-III unit,  36 inches in 
diameter by 14 inches long, was as follows: 

1.     Approximately 25 pounds of dry mix,  screened through 
a 14 mesh sieve was charged into RG-III and premixed for 15 minutes. 
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2. Water was added to the rotating dry mix by means of 
a flat, spray nozzle. 

3. The mix was allowed to granulate after the water addi- 
tion; the sides of the can were knocked with a rubber mallet. 

4. The moisture content of the wet granules was deter- 
mined. 

5. Wet granules were dried at 194ÖF for 1 hour. 

6. Dried granules were screened into l/4 in. , l/4 to 
1/2 in. , and 1/2 to 1 in. fractions. 

7. The individual fractions were sintered at 1000CF for 
1 hour. 

8. The individual sintered fractions were sampled for 
boron, carbon and hydrogen determination and stored in sealed containers. 

Various modifications of the operating procedures were in- 
stituted to determine their effect on granulation characteristics. 

2.     Preparation of Boric Oxide-Witco Carbon Granules with 
Sugar-Water Binder ~ 

Preliminary evaluation experiments showed that the water 
spray pattern was very important.    If the water binder was sprayed on to the 
walls, excessive buildup of solids occurred.    This difficulty was eliminated 
by making sure that the water was directed into the bed of dry feed and by 
rapping the rotating granulation drum with a rubber mallet.    Initial granula- 
tion experiments with the RG-IU equipment (which incorporated six flights 
and no scraper blade) were accompanied by excessive buildup on the chamber 
walls.    Also the granules were inferior to those produced with RG-II equip- 
ment with respect to sphericity and surface characteristics.    Increasing the 
batch weight to 33 pounds (dry) resulted in acceptable feed. 

a.     Effect of Sugar Content on Granulation Characteristics 

Granulation experiments G-12 to G-17 were performed 
to show the effect of varying sugar binder content on granulation character- 
istics of A«100W mixes.    Results from these experiments are summarized 
in Table VIII.    Granulation apparatus RG-I was used for this series of tests. 
Water was added from a pipet to the boric acid-Witco carbon-sugar dry mix 
contained in the rotating Abbe Jar Mill.    The following data from Table VIII 
were abstracted to show the effect of sugar content on granule size: 

Per cent sugar 2 4. 8 10 

Per cent of granules 
1/4 in. and larger 5 36 85 
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These data show that as the sugar content was increased from 2 to 10 per cent, 
an appreciable increase in particle size was effected.    Data presented in Table VIII 
show that increasing the sugar content also resulted in an increase in the residual 
hydrogen content of the sintered granules.    Granulation experiments G-19 to 
G-51, results of which are shown in Table IX, were conducted for the following 
purposes:   G-19 to G-21, effect of sugar content on water requirement; G-22 to 
G-27, effect of formulation on sugar requirement; G-27 to G-32, granulation 
directly in a sigma mixer; and G-37 to G-51, production experiments for 
A' 100W granules,  l/8 to l/4 in. and l/4 to 1/2 in.  size fractions for use as 
prepilot scale chlorination reactor feed stock.    Comparing the water added 
in experiments G-20, G-20RR and G-21 (no sugar in dry mix) with experiments 
G-12 to 17, it appears that decreasing the sugar content of the dry mix raises 
the water requirement.    The formulation A« I00W containing about 9 per cent 
sugar requires approximately 33 per cent water whereas the same formula- 
tion without sugar needed 40 per cent water on a dry mix basis.    However, the 
following table suggests that the total binder content for A- 100W formulations 
is not dependent on the relative amount of sugar contained in the binder: 

Per cent sugar, dry basis 0 2          4.8           10 

Per cent sugar, wet basis 0 1.5      3.6             7.7 

Per cent total binder. 
wet basis 29 24.5   28.6           30.6 

b.     Effect of Granule Diameter on Boron, Carbon and 
Hydrogen Content 

Analytical results for boron, carbon, and hydrogen 
contents of several size fractions are shown in Table X.   Residual hydrogen 
data from earlier experiments (G-12 to 17, jar mill) were presented in Table IX. 
These data show that the small size particles contain less boron and more car- 
bon than the larger fractions.    This phenomenon is prevalent because carbon 
is more difficult to agglomerate.    The data for residual hydrogen as a function 
of ball size suggests, at first approximation, that decreasing the particle re- 
sults in a slight increase in the residual hydrogen content.    One would nor- 
mally expect the smaller size granules to contain less hydrogen because of 
the increased ease of hydrogen removal with decreased particle size.    The 
higher hydrogen content of smaller granules is attributed to absorption of 
moisture during preparation of the sample.    Improvements in sampling 
techniques showed that the residual hydrogen content of sintered granules was 
reduced to 0. 27 per cent after sintering for 1 hour at 1000,F. 

c.     Effect of Carbon Content on Binder Requirement 

The data contained in Tables IX and X show that the 
binder content, for various levels of per cent excess carbon, was as follows: 

B/C wt.  ratio 0.40 0. 30                               0 
Formulation A-50W-24. 7 A-100 W. 28. 6 Wa   . 56. 3 W-43. 7 

SuWa(85Wa) SuWa(86Wa) 
Per cent excess carbon 50 100                                       Oo 
Per cent total binder 24.7 28.6                                 43.7 
Requirement 
(wet basis) 

These data are plotted in Figure 10. 
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d. Effect of Boric Acid Raw Material Particle Size on 
Granulation Characteristics 

Several granulation experiments were conducted to 
determine the feasibility of using granular (20 mesh) boric acid instead of the 
more expensive 100 mesh impalpable grade.    Tests disclosed that suitable 
yields of l/4- to l/2  inch diameter granules were not obtainable.    The sub 
stitution of Pacific Coast Borax boric acid "powder" for the 100 mesh im- 
palpable acid produced granules comparable to those of 100 mesh boric acid. 

e. Use of Sigma and Ribbon Mixers to Improve the 
Homogeneity of Solids ———_ 

Experiments G-27 to G-32 summarized in Tables IX 
and X represent attempts to granulate directly in a sigma blade blender. 
Moisture requirements were lower but additional rolling in a rotary drum was 
required to attain satisfactory agglomerates.    However, a considerable im- 
provement was noticed with respect to boron distribution in the various particle 
sizes as shown in Table X, which is the result of better dry solids mixing. 
Encouraging results from these laboratory experiments led to the initiation 
of slurry granulation tests which were performed by the Link Belt Co.    Results 
from these outside tests are presented in Section III-E 

f. Optimum Formulations and Operating Conditions 

The following optimum formulations and operating 
conditions were established: 

RG-II,  12 in.  diameter by 16 in.  long: 

Formulation A-lOOW granules 
HjBOj 2. 72 lb. 
Witco F-l powder 1.59 1b. 
Water 1.83 lb. 
Water rate 12 lb./hr. 
Method of water addition flat spray nozzle,  30 p. s. i. g. 

RG-III,  (36" diameter x 14" long): 

Formulation A- 100W granules 
HjBOj 20. 8 lb. 
Witco F-l powder 12.2 lb. 
Water 13.2 lb. 
Water Rate l. 13 lb./min. 
Method of Water addition flat spray nozzle 
Total Mixing Time 54 min. 
Dry mixing time 30 min. 
Time of water addition 11.7 min. 
Wet mixing time 12 mm. 
Granulator Speed 15 r. p. m. 
Granulator flight i 6 1-1/2 inch angle iron 
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Particle distribution 7o per Cent l/4 to l/2 inch 

D ,    r,   t diameter granules 
Recycle Rate 30 per cent 
Production rate,  1/4 to l/2 inch 

diameter stock 
On Total mixing time basis 6. 6 lb. /ft.Vhr 
On Water addition and wet 
mixing time* 15. 2 lb./ft. Vhr. 

3-     Preparation of Witco Carbon Granules with Sugar-Water 

Granulation experiments G-Z3 and G-23R were performed 
using only carbon and sugar as dry mix.    Satxsfactory-wet granules equivTlent 
to the formulauon 56. SW- 43. 7 SuWa (86Wa) were prepared.8   This formula ion 
contains a considerable amount of binder with respect to the optimum tabletted 
feed formulation 67W. 33 SuWa (70Wa).    However, it is comparable To the 
optimum carbon briquet formulation 59W-41 SuWa (64Wa) as far as total 
binder content is concerned.    Upon sintering, the Witco carbon base granules 

ob'ated rather SeVerely•    A satlsfactory carbon granule As not 

4-     Preparation of Borax-Carbon Granules with Sugar-Water 
Binder ~~    ~ s — 

rnnHn^.H >    • .A limued number of rotary granulation experiments were 
conducted to investigate the granulation characteristics of anhydrous borax- 
Witco carbon mixtures.    Rotary granulator RG-III was used.    Initially 
3J-pound batches of borax and carbon of the formulation NBO- 100 W were 
found to require approximately 36 pounds of spray water equivalent to 109 

^/K      ?   .    0urig
J
inal d.ry miX 0r 40 per cent of the mix flgured as sodium 

tetraborate decahydrate (NazB4Or 10H2O) and carbon.    Considerable heatTas 
evolved during the water addition phase.    The best yield of l/8 to l/z inch 

tlZlT n0dUleS WaS 6u,Per Cent and SUrface characteristics of the unsintered 
granules were comparable to those obtained from the boric oxide-Witco carbon 
experimentation.    Attempts to sinter these granules at 1000T resulted in 
ormation of fused masses (chunks) and excessive carbon losses.    The excessive 

fusion is related to the low melting points of hydrated borates.    Similar diffi 
culties were encountered during anhydrous borax-Witco carbon tablet develop 
ment operations.    Extensive granulation studies on anhydrous borax-carbon 

satS^^r; n0t C°ndUCted due to severe ^sion during chlorination.    A 
satisfactory anhydrous borax-Witco carbon granule was not developed. 

D. Drying and Sintering 

1       Boron,  Carbon and Hydrogen Losses for Boric Acid-Carhnn 
Tablets — 

a-     Scope, Operating, and Analytical Procedure 

In order to establish optimum operating conditions 
during sintering (drying), approximately 400 grams of tablets contained in a 
stainless steel tray were exposed to temperatures between 200oF and 1290T 
for periods of time rangmg from 20 to 180 minutes.    To determine the effect 

The dry mixing could be accomplished more effectively in a separate mixer 
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of a nitrogen purge on boron and carbon losses and residual hydrogen content 
several experiments were conducted with and without the purge.    Equipment  ' 
and operating procedure were described in Sections HI A, B and C.    Boron 
carbon and hydrogen losses under various sintering conditions were established 
from analyses and weighings before and after sintering.    Precautions    suc^ as 

17^1^ "Tl6 0f 8intered feed in a dry box and seallng 'he   amp'le jar with tape, were taken to minimize absorption of moisture.    Sulfur content and 
losses were determined for tablets in which K-150 or K-200 pitch was the 

wafal'soitrmri^ f0rmUlati0nS ^^ ^-s-wa^d^lutions 

,   ron , .   j Conventional analytical methods were used to determine 

1. A weighed amount of pulverized feed was 
placed in a fritted glass crucible. 

2. The pulverized sample was washed with 
acetone if it contained K  150 or K-200 pitch. 

3. The sample was washed with hot acidified water 
to extract the soluble boron as boric acid. 

4. The filtrate was titrated with standard 
sodium hydroxide with the use of mannitol 
method to determine soluble boron. 

5. The residue contained in the fritted glass 
crucible was dried at 230oF and weighed. 
Per cent carbon was found by difference.    The 
dried residue in the fritted glass crucible was 
assumed to be all carbon. 

Hydrogen was determined by conventional macro or 

ausi^n'wiTh sod" meth0dS;    SUlf,Ur "^ determined W the Parr bomb method; fusion with sodium peroxide,  colorimetnc determination). 

b.     K-150 Pitch Bound Tablets 

Lossesfor A. 100W tablets prepared with use of K-150 
Tabl/vT r.^       V^TS Sintering temPera^s and times are summarized i: 
Lta in i .f ^      •    In Spite 0f the hl8h de8ree of scaUer exhibited by the 
data   n Figure 11. xt appears that 1200-F is the approximate optimum tempera 
ture for the removal of sulfur and hydrogen from the tablets. tempera 

, .   , , Water present in the solid feed tablets will react with 
boron trichloride formed during chlonnation to liberate hydrochlor"acid and 
boric oxide in accordance with the following reactions: 

B2Oj + 3 Cl2 + 1 l/2C-^2BClj + 3/2 C02 g) 

C02 + C^*2CO m 

2 BC1, + 3H20-*B20j + 6HC1 m 
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The formation of hydrochloric acid and boric oxide is highly undesirable from 
three standpoints:   (a)   reduction in boron trichloride yield,    (b)  increase in 
corrosion due to presence of hydrochloric acid, and   (c)   deposition of white 
solids   (primarily boric oxide) which tend to plug the effluent gas lines.    The 
third undesirable characteristic resulted in the premature shutdown of numerous 
chlonnation experiments.    Residual hydrogen content versus sintering time 
curves presented in Figure 11 show that the hydrogen content.fox A.100W iOK-150 
tablets sintered at 12008F for 60 minutes was approximately 0. 64 per cent. 
This hydrogen content was equivalent to 5. 7 per cent water and would cause a 
ten per cent reduction in boron trichloride yields.    In view of the relatively 
high residual hydrogen content, high sintering temperatures,  the uncertainty 
regarding complete elimination of sulfur, and the tendency to fuse and deform 
during sintering, development studies of K-150 pitch as a binder for boric 
oxide-carbon tablets were discontinued. 

c     Sugar-Water Bound Tablets 

Sintering losses for boric oxide-Witco carbon tablets 
prepared with sugar-water solutions are shown in Table XII.    Sintering loss 
data as a function of time for various sintering temperatures are illustrated 
in Figures 12 A through F.    In general, results are quite erratic.    For example 
in Figure 12B (batch 28D), the over-all sintering loss at 1200»F was higher 
than at 1290'F.    However trends shown by the data indicate that the sintering 
treatment of 1 hour at approximately 930«F was necessary for consistent 
remova  of hydrogen to 0. 25 per cent.    Under these conditions, boron and 
carbon losses were about 15 and 7 per cent respectively.    Negative carbon 
losses (indicating carbon pickup) may be attributed to analytical procedures 
and the method of calculating carbon losses.    Reference to the analytical pro- 
cedure outlined in the previous section shows that the binder was eliminated 
from the unsintered briquets either by washing with carbon tetrachloride or 
acidified water.    Consequently this carbon content did not include carbon from 
pitch,  sugar,  or starch binder. 

Sintering tests conducted with use of a nitrogen purge 
passed through the sintering chamber, are summarized in Table XII, and 
sintering data are plotted in Figures 12 D. E and F.    Although no consistent 
beneficial effect of the inert atmosphere was observed, it is felt that on a 
larger scale a nitrogen atmosphere would minimize carbon losses due to 
oxidation. 

d'      Brown Sugar-Water Bound Tablets 

/Ami/   >    . rwn    ...n        Wintering tests on the formulation A-100W-20BSuWa 
(60Wa)at 930,   1110, and 1290oF showed that a temperature of 1110oF was 
required for removal of hydrogen to 0. 24 per cent.    The increased sugar 
requirement (8 per cent for brown sugar, 4 per cent for refined sugar) and 
the higher sintering temperature would exceed the cost differential between 
refined and brown sugar.    Therefore,  the use of brown sugar-water solutions " 
as the binder is not feasible. L 

r 
e-     Molasses-Water Bound Tablets 

. . . Sintering data for molasses-water bound tablets are 
shown in Table XIII and are reproduced graphically in Figure 13.    Althoußh 
sintering losses compare quite favorably with those for starch-water and 
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sugar-water bound tablets, the high residual ash contents. 2. 08 to 2  70 
per cent,  shown in the footnote of Table XIII discourage s^us considera 
tion of molasses as a binder.    A high ash content not Ly can adver set v 
affect reactmty of the tablets but rapid buildup of ash in^he residue wül 
occur thus makmg the recycle of residue costly. 

f.      Starch-Water Bound Tablets 

with an ^oo^d starch^^l^^^^-^-^^red 

Figures 14 A through D.    These tests were conducted with and without a 
nitrogen purge at temperatures ranging from 300«F to 1290T and for rl«^. 
times of from 20 to 180 minutes     The d^a *h^\u       t      ^ residence 
lets sintereri af T^n-p f«T i  u        u   . show that ^arch-water bound tab 
0 25 pe    cent     Boron Z      T   ^ "^^ hydr0gen COntents of less ^han 
Blt   P7 d carbon losses were essentially the same as those 
shown for sugar-water bound tablets,    m spite of the slightly Wr sinterin. 
temperature required for starch-water bound boric oxidf-carbon tablets 
production batches of tablets and briquets for chlorination were preplred with 
the use of sugar-water binder because of improved unsintered strength    and 
the absence of deformation at sintering temperatures. streng^. and 

8*     Relative Sintering Losses of K-15Q Pitch    Molasses- 
Water, Sugar-Water and Starch-Water Bou^TTäBTgFs 

In order to facilitate comparison of K- 150 su£?ar 
water molasses-water and starch-water bound A 100W tablet selected 
sintering data are shown in Tahlp YV     n=.f, i       L*uie,-S'  selected 
conducted at Uo»P »„Hn I Da,ta Were selected from sintering tests 
n^K K   ^ at 930

k
F and

u 
60 minutes except for tablets formulated with K-150 

p tch binder in which the minimum temperature used was 11 lO'F     On the basis 
of sintering losses and residual hydrogen alone, these data indicate no pro 
nounced advantages of using either sugar,  starch, or molasses "nder PHow 

dl^r ^t1?^ eurlier' utillzation of K-150 pitch is not advisabie     The 
data show that starch,  sugar, and molasses bound A- 100W tablets sustain 
significantly higher boron losses than do K-150 bound tihls     TheUcTLt 

^Z'^^:!^^^ Steam (SUPPlied ^ — contained!/thl ^der) 

2-     Boron. Carbon, and Hydrogen Losses for Boric Acid-Carbon 
.priquets  ————^——^^—^_^__ 

a-     Starch Water Bound Briquets 

Table XVI summarizes the results of sintprino PV 
penrnms on A.100W briquets with a starch-water binder     The«Ä are 
plo ted .„Figure 15 to show the e«ect of sintering «J and temperature on 

ondüiot *    jS^andThour        ,abletS " ^^ 'Jel0W '" "■""■"» '«•' 

Form Formulation 
TiBT^ts     A. IÜÖW25SWa (80Wa) 
Briquets   A-lOOW-25. 4SWa (88Wa) 

Sintering Losses 
Per Cent 

Batch     over- 
No, all      B    C    H 

46 48     15   10   98.5 

Residual H 
Ser cent 
7K  

I 

0.12 
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SiS K    >u    K      g f C7S8 SeCtl0n 0f the britluets.  the per cent hydrogen re- 
?M ?   I      • b

J
n(luets after sintering was no greater than that retained by 

tablets thus indicating that briquets are equally amenable to sintering. 

h.     Sugar-Water Bound Briquets 

Sintering data for A'100W briquets with a 20 per cent 
sugar-water binder are presented in Table XVII and Figure 16.    The Cenco- 
Cooley muffle furnace operated by the prepilot group was used for these tests. 
Sintering loss data for both tablets and briquets are presented in the following 
table for comparison.    Comparative data are for 930'F and 60 minutes resi- 
aence time. 

Sintering Losses 
Per Cent 

Residual 

Form Formulation ^      IT'    B     C        „        S^8? 
Taints     A.lüüW.205uWa (60Wa) -^   ^T" 17    4     T5 ^27 
Briquets   A-100W. ZOSuWa (60Wa) 99 42       11      -1,6   98 0.2 

As was in the case of A- 100W starch-water formulations these data show that 
a^?.      ,?    ?KiriqUet formulation8 Prepared with sugar-water as binder 
» n " as well as tablets.   Furthermore, there appears to be no difference in 
sintering lo"es between tablets and briquets.   Approximately 16. 000 pounds 
of sintered A- 150W25SuWa (70Wa) briquets were prepared for pilot plant 
chlonnation operations, y 

.  . . :ro
/
r ^«"^ajority of these production tests, the followinc 

sintering cycle was used: (a) 1/2 hour hold time af each of the following tempera- 
tures: 400. 500 and 600-F; (b) 2 hours at 700'F; followed by (c) 1 h^urlt 9M-F 
triinT. ^T wa8

u
ma^tained, during bating and cooling.    When the tempera"- 

ture in the working chamber cooled to 700'F, the oven doors were opened to 

cvc'le fncln^a11!;,  With ^ f0
1
re&0in8 8intering Procedure, a complete sintering 

cycle including allowance for loading and discharge time. required approxi- 
ZTiJ    ,   "^ a

J
c^ar8e of 600 lb-  oi green briquets (200 lb./cvcle) Welded 340 lb.  of sintered feed daily, •'   '*- "I y^iucu 

v.Pr,. aa f«ii , c       
Average sintering losses and residual hydrogen contents 

were as follows:   15 per cent boron; 2 per cent carbon; 43, 5 per cent over-all; 
t*J"        > re»ldual Mrogen.    It is believed that the relatively high residual 
hydrogen content was the result of hydrogen picked up during preparation of the 
sample     Several production tests were performed in which the maximum 
temperature attained during the sintering cycle was only 800»F,    In spite of 
this lower sintering temperature the hydrogen content of the sintered briquets 
was only 0, 27 per cent as compared with an average of 0, 30 per cent for three 

HZ' und^'900;F-H Pr0.duCtion batche8 of boric'oxide-carb'on brTquet    were hard, undeformed and resistant to chipping and dusting. 

3-     Boron, Carbon and Hydrogen Losses for Boric Oxide- 
Carbon Granules  "  

Sintering data for boric oxide-carbon granules with either 
water or sugar-water binder solutions are summarized in Tables VIII   IX 
X and XVIII.    A comparison of average over-all, boron, and carbon losses 
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and residual hydrogen content for 3/8 to 1/2 inch diameter granules versus 
A'lOOW tablets is presented below: 

Losses, per cent 
Sint. 
Temp 

Over- 
all          B C       H 

T-    -W - 
18.9    94.5 

Residual 
Hydrogen 
Per cent 

930 
1000 

41        15.7 
48,5    20.1 

0.2b 
0.44 

Form Formulation 
Tablets        A-100W20SuWa{80Wa) 
Granules     A- 100W'28. 6Wa 

Higher average over-all losses for A« 100W granules was attributed to higher 
boron and carbon losses in addition to the greater binder content.    The increased 
binder content resulted in greater boron losses for granular feed by steam 
distillation of boric acid during sintering.    A significant difference exists between 
granular and tabletted feed with respect to carbon losses which were 18. 9 and 7 
per cent respectively.    This difference cannot be attributed to the increased 
oxidation due to higher sintering temperatures; reference to figures 12A, C 
and D (for A- 100W tablets) shows that at lllOT the carbon loss was approxi- 
mately 10 per cent.    It is believed that the excessive carbon losses were the 
result of physical entrainment of carbon by the rapid evolution of water during 
sintering and/or dusting of the feed. " 

4«     Boron, Carbon and Hydrogen Losses for Borax-Carbon 
Granules" ——      ______ 

Sintering data summarized in Table XIX emphasize diffi- 
culties encountered during drying and sintering which were mentioned in Sec- 
tion IIIA, B, and C.    If carbon and boron losses were of a negligible value, 
the boron-carbon ratio would be 0. 515 for the formulation A- lOOW.    Excessive 
carbon losses occurred at 900^ as indicated by boron to carbon ratios of 
I. 19 and 2. 09 for 1 and 2 hours residence time respectively.    The data show 
that 750^ is the optimum sintering temperature and that a residual hydrogen 
content of 0. 2 to 0. 3 per cent must be tolerated. 

5'     Carbon and Hydrogen Losses for Witco Carbon Tablets 

Preliminary     development studies showed that the residual 
hydrogen content of Witco car.bon tablets prepared with K-150 pitcH binder was 
approximately 0. 70 per cent even for sintering temperatures as high as HOO'F. 
No improvement was experienced-for formulations with starch-water solutions ' 
as the binder.    However, the utilization of sugar-water binder showed that 
Witco carbon tablets of the formulation 67W 33SuWa (70Wa) could be sintered 
at temperatures as low as 750^ to yield sintered stock having a hydrogen 
content of 0. 2 to 0. 35 per cent.    Results showing residual hydrogen content 
and over-all sintering losses for the aforementioned formulation at tempera- 
tures ranging from 750,F to 1290^ and for residence times of from 20 to 
180 minutes are presented in Table XX and illustrated in Figure 17.    Increas- 
ing the sintering temperature much in excess of 750^ resulted in excessive 
carbon losses.    The carbon loss under sintering conditions of 1 hour at 750^ 
was approximately 7 per cent. 
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6.     Carbon and Hydrogen Losses for Witco Carbon Briquets 

Carbon base briquets prepared with sugar-water binder of 
the nominal formulation 59W.41SuWa (63. 6Wa) were sintered by the prepilot 
group without any operating difficulties.    One-pound batches of unsintered 
briquets sintered at lOOO'F exhibited sintering characteristics and losses 
essentially identical with those of 67W. 33SuWa (70Wa) tablets except that 
higher over-all losses prevailed as a result of the increased binder content. 
However, when carbon briquets were sintered in the pilot plant Gehnrich 
batch oven (200 lb.  capacity per batch) severe burning was observed even for 
temperatures as low as 300,F during the cooling cycle.    As long as 48 hours 
was required to complete a sintering cycle, increasing the nitrogen purge 
from 0. 5 to 1. 0 cu. ft. /hr.  at S.  T. P. had a negligible effect on the excessive 
burning.    Replacing the oven door gasket and sealing small leaks, detected 
after a careful oven inspection, also failed to effect an improvement.    Reducing 
the maximum sintering temperature to 600oF and the oven charge from 200 lb. 
to 100 lb.  also was unsuccessful. 

Attempts to suppress the excessive burning by sintering 
carbon and boric acid-carbon briquets at the same time proved to be success- 
ful.    Two modifications of this technique were tried.    In the first, 4 trays of 
boric acid-carbon briquets (25 lb./tray) were placed in the middle racks of 
the oven while the other two top and bottom trays contained carbon briquets. 
This technique was tried because it was observed that the middle trays in 
prior sintering tests exhibited the severest degree of burning.   In the second 
modification of the "mixed sintering procedure" trays of carbon and boric 
acid-carbon briquets (4 each) were placed in the oven on alternate racks.    The 
latter mixed sintering procedure was somewhat more effective than the former 
in reducing burning.    Under these conditions, the sintering cycle was reduced 
from 48 to 20 hours, carbon losses were reduced significantly and the ratio 
of acceptable sintered briquets to total sintered material was approximately 
0. 9.    It is believed that excessive burning may be attributed to (a) increased 
sugar required for briquetting and/or (b) the lower cooling rate of the Gehnrich 
pilot plant oven. 

A comparison of sintering losses of carbon base tablets 
and briquets is presented below: 

Sintering 
 Losses  

Sint. " Residual 
Temp.        Over-all      Carbon       Hydrogen 

£°£!2 Fo.rmU!!ti.0.n 0F Per cent     Per cent      Per cent 
TaBTets      bVW JiSuWa (70Wa)       ~T^i      —TO 7 OB  
Briquets* 59W-41SuWa (63. 6 Wa)    800 47.7 13 o! 35 

Alternate tray mixed sintering procedure 

- 
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7'     Effect of Predrying on Sintering Loeses 

a'     Predrying of Boric Acid-Carbon Tablets 

.       , A 8tudy of the over-all sintering results suggested that 
CÜ    ?npnA.8le8

1
Were Primarily unctions of time and temperature in excess of 

about 800 F whereas boron losses consistently ranged from 10 to 15 per cent 
irrespective of sintering time and temperature.    Boron losses were attributed 
to steam distillation of boric acid occurring during the evolution and decomposi- 
tion of binder and the dehydration of boric acid to boric oxide. 

Table XXI (Batch 76) compares sintering losses for 
boric acid-carbon tablets not predried and predried at various temperatures 
ranging from 176 to 248»F prior to a 930«F sintering treatment.    These data 
show that boron losses were reduced from 15. 6 per cent for undried tablets 
to 12 per cent for tablets predried at 248«F.    No change in hydrogen losses 
occurred.    Table XXI (Batch 97) shows that increasing the predrying tempera- 
ture to 350-F further reduced the boron losses to aboSt 9 per cent 

.    . L    , 
In general,  the data show that the drier the tablets 

were before the final sintering treatment, the lower the boron losses.    Boron 
losses could not be reduced below 9 per cent. 

b"     Predrying of Boric Acid-Carbon Granules 

Predrying tests were also performed on boric acid- 
carbon granules of several size fractions.    Results from these experiments 
are shown in Tables XVIII and XXII.    For convenience, a comparison of 
t1^1^.!08.868 f0r ,,re8ular" and Predrying procedure is presented in Table 

. An. J ta in Table XXI11 indlcate that predrying the granules for 1 hour 
at 200 F prior to the 1-hour,  1000'F sintering treatment appreciably reduced 
the boron losses and also reduced the carbon losses, but to a somewhat lesser 
extent. 

8-     Vacuum Drying Tests on Boric Acid-Carbon Granules 

_      .  . Vacuum drying tests with the use of a Precision Scientific 
Co.  laboratory vacuum oven were performed to determine whether improve- 
ments could be obtained with respect to residual hydrogen content.    Tests 
reI?c

C^ndUCuewf.0r var^n8 dryin8 times »' temperatures ranging from 138«F 
to 415-F with 1/4 - to 3/8-inch diameter A- 100W granules.    A vacuum of 
2J to 25 inches of mercury was maintained during the test period and data 
Irom this series of experiments are summarized in Table XXIV     These 
data indicate that an oven temperature between 194 and 260oF is required 
to remove essentially all of the free moisture and that some temperature 
in excess of 405*F is needed to dehydrate boric acid. 

i 
9-     Effect of Sintering Methods on Degradation of Granular Feed • . 

Results of a series of tests to determine the effect of 
various drying and sintering procedures on degradation of A- 100W granules *, 
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are shown in Table XXV.    Each of the three batches of granular feed which 
had been prepared under slightly different conditions was sintered as follows: 

(a) 1 hour at 200oF plus heat up to lOOOT plus 1 hour 
at lOOOT 

(b) 1 hour at lOOOT 

(c) 1 hour at 200°F in drying oven and transfer to sintering 
oven at lOOOT for 1 additional hour 

The amount of degradation was determined by screening 
through a 6 mesh sieve.    Data obtained are rather difficult to explain in that 
the greatest degradation of particles occurred with the test procedure con- 
sisting of two-stage drying.    Material in the trays was not disturbed between 
sintering stages.    The results were in conflict with previous data that pre- 
drying was desirable both from the standpoint of reducing degradation of 
particles and boron and carbon sintering losses.    A possible explanation of the 
excessive amount of degradation in the third treatment is that exposure at 
200oF resulted in the formation of a hard surface on the granule which curtailed 
the evolution of vapors when it was exposed to lOOO'F. 

10. Oxidation Tests on Boric Acid-Carbon Granules 

A series of 15 experiments were performed to determine 
boron and carbon losses of solid feed material under conditions similar to 
those encountered in commercial tunnel driers.    The apparatus used for these 
experiments is shown in Figure 18.    The test procedure consisted of passing 
preheated mixtures of nitrogen, oxygen, carbon dioxide, and water vapor 
through a 3 inch high vertical bed of unsintered. No.  6 mesh, l/4-inch 
granules contained in a 1 inch inside diameter stainless steel pipe.    In all 
tests, gases were fed at a total rate of 150 cu. ft.   (S.  T. P.) min/ft.2 of 
bed at temperatures of 800,  1000 and 1200oF for 1 or 2 hours duration. 
Operating conditions and results of the tests are summarized in Table XXVI. 
Data indicated that considerable carbon losses, presumably due to entrainment, 
were sustained even with usage of non oxidizing gases.    With use of wet air 
or flue gas containing 4 per cent free oxygen, the carbon loss due to oxidation 
was apparently significant at bed temperatures in excess of 840oF (inlet gas 
temperature = lOOO^F) and exceeded 50 per cent at bed temperatures of 
HOO'F.    Also, boron losses appeared to be independent of temperature or 
oxidizing nature of the gas; but they were significantly affected by the humidity 
of the gas stream. 

11. Rotary Calcination of Briquetted Feed 

A series of seven experiments were conducted to determine 
the operating characteristics of a rotary calciner type drier for continuous 
drying of boric acid-carbon and carbon base briquets.    Figure 19 shows the |'i 
rotary calciner and allied components.   Experimental data and results are 
presented in Table XXVII.    Preliminary tests showed that a calciner speed 
of 1.2 r.p. m. and a slope of 0. 28 inches per foot were required to give a 
retention time of approximately 20 minutes in the furnace zone and an over- 
all residence time of 1 hour.    For a calciner speed of 1.2 r.p. m. and a green 
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briquet feed rate of about 12 lb. /hr.  a slope of less than 0. 28 inch per foot 
caused backup of material into the overflow port at the feed end of the cylinder. 
Although excessive briquet breakage was observed during feeding, 50 per cent 
for carbon and 30 per cent for boric acid-carbon, proper design of the feeding 
mechanism in a scale up would reduce breakage to a much lower level. 

a. Rotary Calcination of Witco Carbon Briquets 

In spite of the higher calciner chamber temperature 
for experiment C-4,   1380oF, as opposed to 1200oF for experiment C-2,  the 
hydrogen content of C-4 calcined product was considerably higher.    This 
difference was most likely the result of greater residence time for experiment 
FC-2,  0.4 hours as opposed to 0.2 hours for FC-4.    In order to insure that 
the residual hydrogen content does not exceed approximately 0. 3 per cent, it 
is believed that the residence time should be of the order of 0. 5 hour.    A 
comparison of sintering losses for carbon base briquets for regular drying 
and rotary calcination operations is presented below: 

Sintering  Sintering Losses Residual 
Temp. Over-all          Carbon Hydrogen 

Formulation                             Procedure            °F Per cent          Per cent Per cent 
59W.41SuWa (63. 6Wa)        Regular "5ÜT5 47.7         n  "O^  
59W-41SuWa (63. 6Wa)        Rotary              1290 39.5                    13 0. 39 to 

calcination 1. 83 

b. Rotary Calcination of Boric Acid-Carbon Briquets 

In experiment C-6 and C-7, backup of vent gases and 
resultant condensation of vapors due to ^partial plug in the solids knockout box 
caused incoming feed to get wet and sticky.    This,  in turn,  resulted in erratic 
flow of briquets as well as some fusion and incomplete sintering.    Severe 
corrosion of the mild steel box and baffles (see Figure 19) was observed.    A 
comparison of sintering characteristics of calcined briquets with those of the 
regularly sintered briquets is as follows: 

Sintering Losses 
Sintering 

Over-all 
B 

Per 
C 

Per 
Residual 

Temp. Hydrogen 
Procedure          "F Per cent cent cent Per cent 
Regular             90Ö 43.5 15 2 Ö. 35 

(pilot plant 
data) 

Calcined           1188 44. 1 24 19.7 0.71 to 
3.0 

Formulation 
A- lbOW25SuWa(70Wa) 

A- 150W-25SuWa(70Wa) 

The excessive residual hydrogen content for calcined 
briquets may be the result of inadequate residence time in the furnace zone. 
Increasing the residence time from 0.2 hours to 0.27 hours (experiment C-5) 
was accompanied by a reduction in the residual hydrogen content to 0. 35 per 
cent.    A residence time of approximately 0. 5 hours is recommended to insure 
elimination of hydrogen to the 0. 2 to 0. 3 per cent level. 
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,   .    ,. The sharp increase in the carbon loss for rotary 
calcination experiments was primarily the result of higher sintering tempera- 
ture and to a lesser extent the result of the formation of carbon dust which 
is more easily oxidized. 

r.Vin.Ho« ^ >      -M, u In view
J

o£ the operating difficulties experienced during 
calcination tests with boric acid-Witco carbon feed, which are caused by the 
endency of mixtures of boric acid and carbon to fuse, additional experimenta- 

tion should be conducted to establish operating limitations and design charac 
teristics.    Use of a rotary calciner to sinter carbon base feed appears to be 
a feasible process-wise. 

E. Vendor Tests 

a^    •   ►     •        ft160110110^1^1 equipmentfor tonnagefeed comPacting, drying, 
v^rie^ of?8 I' *Cld-ca

u
rb0n Pellets Posed a problem due to the number fnd 

variety of equipment offered by industry.    Therefore,  several well-established 
companies known to have testing facilities for material evaluation were con- 
tacted and tests were arranged. 

!•     Dravo Corporation Disc Pelletizer 

Inasmuch as laboratory tests had shown the feasibility of 
preparing spherical boric acid-carbon pellets which were satisfactory from 
the stand-point of reactivity (1, 2) as well as drying characteristics, investi- 
gation was made of commercially available equipment capable of producing 
tonnage quantities of the pellets. v      ^ "« 

„.„ .       u    „ ^ disc Pelletizer offered by the Dravo Corporation of 

fn lÄ '» IT?*   *ni*\ W\8 te8ted'    The Dravo PelletiZer is a pan which 
rotates on a tilted axis.    As the powdered mixture is fed to the disc, it is 
sprayed with water.    The action of the rotating disc has a classifying effect 
and produces segregation of the pellets as they are produced.    The larger 
Prl^r 'wl^T ^ ^ ?f the di8C and the 8maller one8 8tay ^ar the 

n.      ^uen the dlSC 1S ful1' there i8 a continuous overflow of the larger 
f^r screed aCtl0n Pr0dUCe8 a ^o*™ Pellet size and eliminates the need 

with „«P „f a *Q  •    t1}*1* DraV0 re8earch laboratories, tests were conducted 
!ln    I A 9"in^ diameter Pan «^PPed with variable depth retaining 
walls and scraper blades.   Pan speed and tilt were both variable.   Feed 

ZTSSVTIT
1111

*< /Te?iXed Powdered boric acid and lamp black in the 
ratio of 1. 72:1 was fed at desired rates through a hopper-screw feeder 

no^T       u       t ^ the Pan-    Water wa8 metered through a flat-spray 
fr„i %Vfnr0lling bed-.  The te8t8 Were P"formed at pan speeds ranging   * 
from 25 to 30 r p. m. and pan inclinations from 42 to 48 degrees.   Control 
of sohds retention time by pan tilt, feed rate and retainer depth yielded 
spherical nodules of any size.   Pellets were uniform in size, shape and 

TSZ CwVaCt!ri8tiC8-    Te,t,!»U ideated that boric acid-carbon pellets 
of about 3/8 inch diameter could be produced at the rate of 28 lb /hr /ft J of 
p« area or about 244 lb. /hr. with the 39-inch pan.   Equipment ^an be ob- 
tamed in pan diameters up to 16 feet. 
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A thirty-nine inch diameter Dravo-Lurgi Pelletizing 
Disc was rented from the Dravo Corporation and a limited number of experi- 
ments were conducted in the pilot plant.    Approximately 866 lb. of unsin- 
tered 1/2 inch + pellets were prepared with no operating difficulties. 

2'     Link Belt Co.  Slurry Nodulation and Drying Tests 

In January,  1958, bench tests were conducted at the Link- 
Belt Material Handling and Testing Laboratory in Chicago.    The aim of the 
tests was:   (a) to determine feasibility of preparing homogeneous pellets of 
boric acid and F-l Witco carbon by slurry nodulization and (b) to obtain 
drying characteristics of the boric acid-carbon pellets in a Link-Belt Roto- 
Louvre dryer.    Bench equipment used for the tests consisted of a 2 cubic 
foot can, a rotary drum and a 1 gallon capacity Roto-Louvre dryer     It was 
anticipated that scale-up tests if warranted by results of the bench tests would 
be conducted in their 5 ton/hr.  pilot plant consisting of a pug-mill, dryer, and 
cooler. 

,    , . The following assumptions were used as a basis for formu- 
lation of mixtures: 

1. A 5-10 per cent boric acid solution at approxi- 
mately 180oF would be available as recycle from 
the dryer vent scrubber. 

2. The amount of boric acid (in solution) available as 
recycle would be equivalent to 10 per cent of the 
solid acid feed. 

3. The crushed solids recycle from the dryer screen 
would amount to 40 per cent of fresh feed. 

Results of J:he slurry nodulization tests indicated that 
homogeneous pellets of boric acid and carbon can be prepared by gradual 
addition of solids to a hot boric acid solution.    However, control of pellet 
size is difficult.    Furthermore,  it was found that the concentration of the 
slurry produced a viscous mixture which was difficult to maintain in a fluid 
state preparatory to balling.    It is anticipated that power requirements for a 
mixer in this type of process would be high. 

Results of drying tests conducted with the Roto-Louvre 
Dryer on wet pellets prepared by slurry nodulization are shown in Figures 20 
and 21.    Three drying tests were conducted at Link Belt with 53 cu. ft. /min 
inlet air for drying.    Evolution of fumes, presumably boric acid was ob- 
served almost immediately after introduction of solids.    In addition, a slight 
amount of carbon black was observed issuing from the drier exhaust port 
throughout each test.    The granular feed exhibited a tendency to stick at 
material temperatures between 250 and 300oF in test R-2 and 296 to 496*F 
in test R-l.    However, at higher down-stream temperatures the agglomerated 
particles disintegrated.    The tests at Link Belt Co.   showed that granular feed ♦ 
consisting of mixtures of boric acid and Witco F   1 could be dried from 22 percent 
free moisture to 10 per cent in approximately 12 minutes at 215*F material 
temperature and to 5 per cent free moisture in approximatelv 19-1/2 minutes at 
230,F material temperature with 53 cu. ft. /mm.  inlet air at 900*-980^     With 
the use of the data of Figure 20, the nominal drying rate to zero per cent free 
moisture was approximately 0. 37 lb.  H20/hr. /lb. dry material. 
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3. General American Transportation Corp.   Two-Stage 
Drying Tests — 

Tests were performed at the laboratory of the General 
American Transportation Corporation (GATX) at East Chicago, Indiana to 
determine the feasibility of a two-stage rotary drying unit to prepare granular 
reactor feed material.    Seven predrying tests were conducted with a direct- 
fired,  1 ft,  diameter by 6 ft.   long flighted rotary drum at various gas temper- 
atures from 600oF to HOOT.    With predned solids from the foregoing tests, 
two second stage drying experiments were performed in an indirect-fired, 
1 ft.diameter by 8 ft.  long rotary drum in which the calcined (dried) feed attained 
temperatures of 1060 to 1080oF.    Operating conditions and results from the 
GATX two stage drying tests are presented in Table XXVIII. 

i 
A layer of solid material 18 inches long by 3/4 inch thick 

coated the first stage drier.    In the second stage drier the same sticking tendency 
was observed.    Excessive cohesion between granules as well as some fractur- 
ing of individual granules was observed during test 1 FD-2 in which the raw 
(predried feed stock from test 7) feed was obtained under the best conditions 
for predrying.    The product was definitely not suitable for use as reactor 
(chlorinator) feed material.    These tests showed that two stage drying as 
performed by GATX was not suitable for preparation of reactor feed material. 

4. Proctor and Schwartz Corp.  Drying Tests 

Drying tests on boric acid-Witco F-l carbon granules were 
conducted in the laboratories of the Proctor and Schwartz Corporation, Phila- 
delphia Pennsylvania, with the use of a single tray batch through-circulation 
dryer.    The unsintered granules were contained in a one-foot by one-foot 
perforated bottom tray and loaded to a depth of 1-1/2 inches.    Air at several 
wet and dry bulb temperatures was passed through the bed of granules at a 
constant rate of 250 ft./min.   superficial velocity.    Dried material was for- 
warded to Olin Mathieson laboratories at Niagara Falls for sintering tests at 
1000oF to permit comparison of hardness and stability.    Table XXIX summarizes 
the results of the tests at Proctor and Schwartz and subsequent sintering tests 
at Niagara Falls. 

Table XXIX shows that all of the free moisture was re- 
moved during each drying test and that some of the orthoboric acid, HjBOs, 
had decomposed to the meta form,  HEOz, liberating additional water.    The 
dried material from all of the drying tests showed white deposits of boric 
acid on the surface of the granules.    There was considerable spalling and 
cracking of the granules during the high temperature tests (No,  2, 4 and 5). 
The higher humidities in tests 4 and 5 resulted in increased boric acid vapor- 
ization (boron losses).    This vapor escaped through leaks in the drier and 
deposited as a white solid on the external surfaces of the equipment.    From a ' 
standpoint of boron losses and dried particle characteristics, tests No.   1 and 3 
produced superior dried granules.    The best sintered product obtained was 
with use of material from these same p and s runs tests (1 and 3).    These 
products compared favorably with that obtained under standard laboratory ■, 
conditions.    The data summarized in Tkble XXIX show that operation of a 
perforated tray through circulation batch type dryer at 250 ft,/min.  of air 
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heated to 200 F dry bulb temperature and lOO'F wet bulb temperature pro- 
duced physically acceptable granular feed containing no free moisture and 
sustammg boron and carbon losses of only 4. 6 and 4. 3 per cent respectively 
The drying data of test No.   1 yielded a nominal drying rate of 0. 6 lb.  H,0/hr /lb 
dry material. •      ".  n2v/iii:./ID. 

F. Handling and Storage 

!•     Hydroscopicity of Sintered Briquets 

i      ,,       ,     U11*"01"1^16 variations in residual hydrogen contents of 
sintered pellets had been attributed to absorption of moisture during handling 
and storage     To determine whether this assumption was justifiable, moisture 
absorption tests were conducted on several samples of sintered briquets varv^ 
ing in composition.    The samples were exposed to various temperature and 
humidity conditions and weight gains were recorded at several time intervals 
Results from these tests are shown in Figure 22.    The conditions selected      ' 
^   ^     , sumrner day conditions:   temperatures ranging from 75«F to 
90 F and relative humidities ranging from 31 to 62 per cent. 

Figures 22A and 22B show that the rate of absorption was 
approximately twice as fast for A- lOOW as for A- 50W briquets, and for both 
lormulations, the rate of absorption was about twice as fast at 83»F and 
bl per cent relative humidity as it was at 75eF and 31 to 38 per cent relative 
humidity.    Figure 22C for A- 200W and A- 300W briquets substantiates the 
former data and emphasizes that increasing the carbon to boron ratio pro^ 
motes higher absorption rates.    The A- 300W sample absorbed 7. 4 per cent 
moisture in 8 hours and 13 per cent in 30 hours at 90»F and 48 to 58 per cent 
relative humidity.    These data show that feed briquets are quite hygroscopic 
and that proper precautions must be taken for storage and handling. 

z-     Bulk Density of Sintered Briquets 

K n.  > r  L
The effect of increa8ing the carbon content of feed briquets 

on bulk density of the sintered briquets is shown in Figure 23.    The densities 
range from 23 to 32 pounds per cubic foot as indicated by the data for A- 100 
briquets; resintering of the briquets increased the bulk density. 

IV.        CONCLUSIONS 

1.     Porous, hard, boric oxide-carbon tablets, or almond shaped 
briquets    may be prepared by compacting a mixture of 60 or 100 mesh boric 
acid powder    Witco carbon SRF beads or F-l powder, and sugar-water binder 
and then sintering the green material at 800 to 900*F for 1 hour.    Sintering 
losses of 15 per cent boron,  7 per cent carbon and a residual hydrogen content 
ol U. £   to 0. 3 per cent are to be expected. 

..   .  , . a'     Predrying the material at 350^ prior to the 800-900*F 
finishing treatment reduces the boron losses to about 9 per cent but reduces I' 
the carbon   losses only slightly. , 

b.      The use of higher sintering temperatures fails to effect a 
significant reduction in the residual hydrogen content and results in higher 
carbon losses due ;o oxidation. 
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c      Substitution of K-150 petroleum pitch, starch-water. 
W^of^T     K, 

0\hr0Wn 8^"-water as binder, and petroleum coke for 
cheZrl^/       u' 1S ,fne

u
conomical °r adversely affects sintered feed 

chemical and/or physical characteristics. 

2. Sintered boric oxide-carbon granules.  l/4 - to l/2-inch diameter 
containing 6 moles carbon per mole of boric oxide. (A- lOOW). may be pre- 
pared by spraying a stream of water into a bed of boric acid and carbon con- 
,nHne   ^ a ™tary drum granulator and then sintering the resultant granules 
under conditions identical with those employed for tabletted and briquetted 
feed.    Sugar is not needed to yield satisfactory granules. 

3. The preparation of carbon tablets and briquets can be performed 
in the same manner as used for boric acid-carbon tablets and briquets but 
binder requirements are greater due to the absence of boric acid.    Sintering 
conditions of 750-F for 1 hour are required,  resulting in a carbon loss of 

Jn'ut f "'i^1 hydrogen content of 0- 28 Per cent.    A nitrogen purge 
should be maintained during sintering and the briquets should be quick-chilled 
in a nitrogen atmosphere to prevent burning. 

4. The rotary granulation method is not adaptable to the preparation 
ons^eTin * because of excessive dusting and cracking incurred 

hinu n   5'     Diffi.culty wit
J
h regard to control of granule size and anticipated 

high power requirement due to the slurry viscosity may preclude slurry 

fur^^f10n ^ !, C0™r™:rc,ial scale-    Although a Link Belt Roto-Louvre dryer 
successfully reduced the free moisture content of wet granules to 5 or 10 
per cent, the heat load (inlet gas temperature 900 to 980oF) is a factor which 
prevents serious consideration of this system. 

t 
6-    .A disc Pelletizer offered by the Dravo Corporation may be used 

to prepare boric acid-carbon granular feed. 

*nnrnJ'a>   De8ign 0f large-scale drying (sintering) equipment should include 
appropriate accessory equipment for predrying to minimize boron losses. 

a. The use of a two-stage rotary dryer to predry and sinter 
boric acid-carbon granules is feasible provided that the rate of binder and 
water evolution is not excessive. 

b. A perforated tray through circulation batch-type dryer re- 
quiring air heated to only 200T produced physically acceptable pre-dried 
granules containing zero per cent free moisture, 

-ho^ ?K    Hy**0**0?^ tests on sintered boric oxide-carbon briquets 
t*Zlt >      confld"ab e moisture pickup occurs at typical atmospheric 
temperature and humidity conditions.    Sintered feed material should be 
stored in airtight containers or in containers provided with a dry-nitrogen 
purge. ' 0 

9.     The following system is suggested for the preparation of boric 
oxide-carbon compacted feed on a large scale. 

a.     Premix boric acid and carbon in a ribbon mixer. 
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b.     Add water (no sugar) to the premixed dry ingredients con- 
tamed in a rotary granulator. 

ftOO onn-ir   ^   ^^ and 8inter in a tw0-8tage rotary dryer at 356« and öü0-900oF material temperatures. 

10    TJie following system is suggested for the preparation of carbon 
compacted feed on a large scale. 

a. Premix carbon and sugar and add water to mix contained in 
a ribbon mixer. 

b. Press the damp feed into briquets. 

ture of 750«F     Sinter ^ briclUetS in a tunnel dryer at a material tempera- 
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VI. ATTACHMENTS 

Table I to XXIX inclusive 

Figure 1 to 23 inclusive 
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TABLE Vm 
SUMMARY OF GRANULATION EXPERIMENTS WITH 

A- lüüW>"X"&iWa FORMULATIONS  

Expt.  No. G-12 

"X'^u, Per cent 4. 8 

H20 Added, Per cent of Charge 33. 5 

Moisture Content of Balls 
Per cent 18. 8 

Time for H20 Addition,  Minutes 10 

Additional Time for Granulation, 
Minutes 32 

Drying Loss,  Per cent 14 

50 

Balls,  Per cent 
Retained On 

Sintering Loss,  Per cent 

Screen Analysis of Sintered 

3/4 in. 

1/2 in. 

1/4 in. 

No. 6 

No. 14 

Pan 

Total 

0 

1. 5 

46 

42 

7 

3.5 

G-13 G-14 G-15 G-16 G-17 

4.8 10 10 2 2 

33 30.5 29 30.5 28 

20.5 20.0 17.4 15.8 17.0 

15 20 15 10 15 

30 

8.5 

47 

0 

0 

24.5 

58 

15.5 

2.0 

30 

not 
dried 

48 

0 

4.5 

74.5 

20. 5 

0.5 

0 

35 

10 

50 

0 

15 

76. 5 

6.5 

1. 5 

0.5 

35 

12 

47 

0 

0 

4 

57.5 

32 

6.5 

35 

11 

46 

0 

0 

5.5 

56 

31 

7.5 

100.0      100.0    100.0    100.0    100.0    100.0 

Residual Hydrogen of 
Screened Fractions, 
Per cent 0.87 0. 37 0.40 

0.31 0.26 0,28 0.37 0.13 0.24 

0.33 0.27 0.31 0.44 0.53 0.19 
0.38 0.31 0.44 0.69 0.16 0.09 
0.50 0.76 1.60 0.13 0. 19 

. 
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TABLE IX 
SUMMARY OF OPERATING DA 1 A FORGUANULATION EXPERIMENTS 

fi^T.                                                    S^JiL      ^       ^^i    CJ^    JtU     O^   J^    c^   ^MU. ^^ o^ C^M^ CM,.) 

B,ric*c.d    ,                                                                                                           "''8     "7Ü     "70       "?0     "68 "" "O* «'OS ;^~ 

s«,.,, ,.                                   4 8,c,       0          „                            835    "4'    "4i      2043     8'5 »» '«• '"» '«o 
W.,.,^.   p.rc.„,                          Z-

1C)         )7         4,                 17           3°        "'        "'0            0 0        „3 „, ,„ 

Time for HjO Addition,    nunulei 45                   (,> 

Total Mimng Time,    minulei 165               mo 

Drying Lou.   per cent 1, ]                 47           4  0 

Smcering Lo..,    percent 44.9                tit          iA  t                  4;   9 

Screen Anilynii o( Product 

plue 1 in. IS. 

>, ■• ■  I in. 0 

• ' -• Ü,« 
i/l  -  ),< in. 

1,4 -   1,2 in. 2o   8 

1/8 -  1/4 in. 

40 JO 50 

*(lt> 200 |7I ]00 

14. 4 

2.2        i.i 

i. 2      i.t,   -- 

22.«       41.5     14.1    ). i  47. 

M.'  28.5     27.6 19.7 21.0 16.1 

62   100       40 17 II        z 

>i0   240      120 «5 45 60 

20.7 12.5 9.5 12.S 

52.7 51. i 47.2 4i, 6 

2.0 .- 4,4 26.) J. 5 

4.4 -■ 9.0 15.J 6.2 

'■<> -• 20.) 19,7 H   , 

'.0       12.1 5.6 50.0 2). 0 26.) 
50.4       41.)       20.« 24.1       41.) 

)   04.1,«in                                                                                                                                            '"•' ,,■,       "■"          -■'•,       4,!             ".8         5.1                ,.6 )2. ) 

M.no. j,64in                                                                                                                                             '■ ' "•'       '^ '          ^' *         »•2             "'>■'         '■ «                '■ ' U. 1 
5- 2 14. 5       16, 0          1)1         2   4               4   t,         14                ,   , ,   , 

l>">"hlol/4,n.                                  58.2               20.8         52.1                  |). J ^ '■' 

14 meeh to 6 me^h                                 114               5, 0         18  ,                 u   . 

Minui 14 me ah                                         Or,                   :   1 

Enpt.   No, 

Dry Mil,    g. 

Bone Acid,    g. 

Carbon,    g. 

Sugir,    g, 

Wtler Added,    per cent 

Fin«l HjO Content,    per cent 

Tune for H,0 Addition,    minutei 

Total Mixing Time,    minutei 

Drying Losa,    per cent 

Sintering Lo»i,    per cent 

Screen Analyst» ol Prodo. I 

plua  1  in. 

)   4 -   I  in. 

1,2   -   1, 4 in. 

1,4 ■   1,2 in, 

I   8 -   1,4 in, 

), 64 ■   1,9 in. 

Minua  )   64 in. 

G-i2 (d O-K r,-)« 
4)05 1955 1955 

24.'0 2)5 12)5 

1440 ■20 20 

)'.5 0 6 

21.0 40. 4 4J    . 

It, 1 22. 8 

2 15 15 

oO 210 225 

12. 5 10.0 12   0 

(;-4o (i-42 Ü-4) G-44 G-45 G-4t> G-47 G-48 G   19 G-51 
I9>5 1955 1955 1955 1955 1955 1955 1955 1955 

12)5 12)5 12)5 12 15 1215 1215 1215 12)5 12)5 1215 
720 HO 720 720 720 .■20 ;20 20 720 720 

0 0 0 0 0 0 6 0 0 0 
41   9 44, Ü 4;. S 40, '. 4,, 9 44, 4 42, L 4t,, 2 4t. 0 44   t 
28. 5 29. 7 27.0 2), 1 14, 2 2«. 9 2»,; 2), 4 16. 2 29,2 
60 51 1 1 21 is 15 7) it 4« 27 

'10 1)5 90 50 ■10 90 9 0 
9. 5 II. ) 1). 5 19,2 10, a II, ) It, 5 12, 5 

4   . ) )i, -t Com bi ird   )9, 1            Ci 

19, ) 

40, 1 57, 1 )7,9 

14.2 t, 1 n   ■, 

2t. 4 9, 7 2      4 *, ' 
12, 4 1 7, 6 2), • II, 1 

lb, 2 4 . a 6. 9 50.2 

1. 5 ■ 1,4 ).  ) 1), 9 

1, 8 0, 0 24, J 

0, 7 1,0 2, 9 0, 5 21, 2 ,. 4 

1   5 5. 6 12   4 2.6 i«. 5 7, 6 11.6 

12, 7 41. 9 4b, 9 2 1   ' 78, 9 61    4 66, 7 

55. I 4U   » lb, 6 4.. t 4. 2 26, 7 20. 1 

19,2 4. 9 1, 1 2), 7 i. 4 2   ) 1, 6 

(a)   A   50W MKtute 

(b) Dry line, »ere added during latter  .tage. „I ballin, lo re.tn.t 
lormation ol overaur partu lea, 

(c] per cent 

id]   Sigma.Blade blenuer ueed imtrad   .1 rolar, .an 

f, 
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TABLE XII 
SUMMARY OF SINTERING OATA FOR SUGAR-WATER 

BOUND BORIC ACIO-CARBON TABLETS 

A laly s e a of 

Batch 
No. 

Sintering 

N. 
Purge 

None 

Sintered   Material 
Pe r   cent Sinte r i n g    Losses     per Time 

min. 
Temp 

•F 
cent 

Formulation B 

8.23 38.35 

_H_ 
3.47 

Over-all (a) _B. £ ...    .. 

A.100WZOSuWa(80Wa) 270 0 1110 
A.lOOWZOSuWa (SOWa) 
A.lOOWZOSuWa (80Wa) 

27D 20 1110 None U. 88 60.63 0.34 38.2 10.9 2.4 98 
27D 40 1110 None 11.97 59.37 0.26 39.2 11.7 5.9 9B 

A-100W20SuWa (80Wa) 27D 60 1110 None 12.33 58.15 0.18 41.0 11.5 10.6 99 
A-100W20SuWa (80Wa) 27D 120 1110 None 13.17 56.57 0.21 41.6 6.4 14.3 98 
A-100W20SuWa (80Wa) 27D 180 1110 None 14.35 52.53 0.15 49.0 11.8 31.3 99 

A'lOOWZOSuWa (80Wa 
A-100W20SuWa (80Wa 

27D 0 1200 None 8.28 39.01 2.99 .. 
27D 20 1200 None 11.86 60.21 0.25 39.6 13.5 6.7 97 

A'lOOWZOSuWa (80Wa) 
A-100W20SuWa (80Wa) 

270 40 1200 None 12.15 59.41 0.31 42.8 16.2 12.8 96 
27D 60 1200 None 12.66 57.78 0.33 44.0 14.3 16.1 96 

A'lüOW20SuWa (80W») 270 120 1200 None 14.29 51.73 0.24 52.8 18.7 36.8 97 

A-100W20SuWa (80Wa) 270 0 1290 None 8.26 38.68 3.23 .. 
A-100W20SuWa (80Wa 27D 20 1290 None 11.94 60.67 0.26 40.0 13.2 5.9 97 
A>100W20SuWa (80Wa 27D 40 1290 None 12.25 58.44 0.32 42.0 14.0 12.3 96 
A1100W20SuWa (8DWa) 270 60 1290 None 12.31 58.62 0.19 52.0 28.4 27.2 9B 
A-100W20SuWa (80Wa) 270 120 1290 None 14.02 53.11 0.17 53.6 21.2 36.2 98 

A-50W15SuWa (80Wa 2 SO 0 1110 None 10.88 28.5 3.03 .. .. 
A'50W15SuWa (80Wa 280 20 1110 None 16. 13 47.5 0.74 51.0 27.4 18.5 87.7 
A-S0W15SuWa (80Wa 280 40 1110 None 16.54 45.17 0.25 41.8 11.4 7.75 95.5 
A-SOWlSSuWa   80Wa 280 60 1110 None 16.74 44.9 0. 10 41.5 12.6 10.5 98.0 
A.SOWlSSuWa   80Wa 280 120 1110 None 17.28 43.48 < .1 43.1 11.8 16.0 99.0 
A.50W15SuWa (SOWa 280 180 1110 None 18.29 38.92 0.31 46.1 12.2 27.5 95.1 

A'SOWlSSuWa (80Wa 
A'SDWISSuWa (SOWa 

2SD 0 1200 None 11.01 28.43 3.36 .. 
280 20 1200 None 16.47 45.95 0.16 41.4 13.0 5. 1 97,2 

A-50W15SuWa(80Wa 280 40 1200 None 16.74 45.75 0. 12 42. 1 13.0 7.0 97.9 
A-50W15SuW» (80Wa 
A-50W15SuWa (80Wa 

280 60 1200 None 17.40 43.06 ^.1 42.1 10.9 14.5 98.3 
280 120 1200 None 18.43 40. 17 .1 46.4 10.4 24.2 98.3 

A-50W15SuWa (80Wa) 280 180 1200 None 19.32 36.75 :•» 49.7 11.6 34.9 98.5 

A'50W15SuWa   80Wa) 280 0 1290 None 10. 55 26.8 3.54 .. .. 
A'50WI5SuWa   80Wa) 280 20 1290 None 16,10 43.94 0.17 43.5 17.5 12.7 97. 1 
A-50WlSSuWa   BOWa) 28D 40 1290 None 16.89 44.54 /.I 41.0 5.5 1.9 98.3 
A-50W15SuWa (SOWa) 280 60 1290 None 16.93 44.10 .10 42.5 7.9 5.3 98.5 
A-50W15SuWa   SOWa 280 120 1290 None 17.93 41.44 .10 45.5 7.4 13.8 99.0 
A-S0W15SuWa   80Wa) 280 180 1290 None 19.14 37.23 ..10 49.0 7.6 29.0 99.0 

A-100W20SuWa (80Wa) 35 0 750 None 9.04 30.85 4.00 .. 
A-100W20SuWa   80Wa) 35 20 750 None 14.26 52.72 0.41 41.5 7.96 0 94.0 
A-100W20SuWa (SOWa) 35 40 750 None 14.55 52.43 0.24 42 6.6 1.4 96.5 
A-100W20SuWa (BOWa) 35 60 750 None 14.20 52.83 0.26 41 7.5 -1.0(b) 96.2 
A-100W20SuWa (BOWa 35 120 750 None 14.41 52.47 0.16 42 7.5 1.3 97.7 
A-100W20SuWa (80Wa) 35 180 750 None 13.84 50.63 0.10 45 15.5 9.35 98.6 

A-100W20SuWa (80Wa 35 0 930 None 9.39 31.87 4.00 .. 
A-100W20SuWa (80Wa 35 20 930 None 14.41 52.75 0.51 '   41 9.3 2.5 92.5 
A-100W20SuWa   80Wa) 35 40 930 None 14.57 52.65 0. 18 44 13. 1 7.0 97.5 
A-100W20SuWa (BOWa) 35 60 930 None 14.48 50.22 0.27 43 13.4 10.0 96.1 
A- 100W20SuWa (BOWa) 35 120 930 None 15.20 49.94 0.54 42 3.7 7.7 90.5 
A- 100W20SuWa (SOWa) 35 180 930 None 14.95 50.57 0. 16 44.6 9.95 11.2 97.3 

A>l00W20SuWa   SOWa) 35 0 1110 None 9.48 32.38 3.'5 .. .. ., 
A-100W20SuWa   SOWa) 35 20 1110 None 14.49 51.75 0.23 40.2 5.8 2.0 95.8 
A-100W20SuWa   80Wa 35 40 1110 None 14.21 52.12 0.29 41.7 12.6 6.3 95. 1 
A-100W20SuWa (SOWa 35 60 1110 None 14.67 51.21 0.28 42. 1 10.5 8.7 95.3 
A-100W20SuWa (SOWa 35 120 1110 None 14.94 50.53 0.45 43.6 10.5 10.5 92,5 
A-100W20SuWa (SOWa 35 

wt. 

180 

material in - 

1110           None 

wt.  matt-rial out        , 

15.91 

nn 

47. 36 0. 15 48.6 16 4 23.7 97.7 

fat    Pftp r*w\i nver-all  InA 
wt.  material in 

(b)   Gain in carbon 

. 
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TABLE XIl 
SUMMARY OF SINTERING DATA FOR SUGAR-WATER 

BOUND BORIC ACID-CAhDO^ fAbLErä (Continued)■ 

Formulation 

A-lOOWZOSuWa (80Wa) 
A-100W20SuWa (BOWa) 
A-100W20SuWa (80Wa) 
A-100W20SuWa (BOWa) 
A-100W20SuWa (BOWa) 
A.100W20SuWa (BOWa) 

A'100W20SuWa (BOWa) 
A-lOOW20SuWa (BOWa 
A'lOOW^OSuWa (BOWa) 
A-IOOWZOSuWa (BOWa) 
AlOOWZOSuWa (BOWa) 
A-IOOWZOSuWa (BOWa) 

A'lOOWZOSuWa (BOWa) 
A-100W20SuWa (BOWa) 
A-lOOW20SuWa (BO.Va) 
AMOOWZOSuWa (BOWa) 
A-IOOWZOSuWa (BOWa) 
A-IÜOW20buWa (BOWa) 

A-iOUWiOSuWa (BOWa) 
A IUUW2USuWa (BOWa) 
A. lOOWiOSuWa (BOWa) 
A-100W20SuWa (BOWa) 
A.10ÜW20SuWa (BOWa) 
A- 100W20SuWa (BOWa) 

Batch 
NO. 

Time 
Sinterin g 

Temp. 

A- lüOWiOSuWa (BOWa) 
A- lOUWZOSuWa (BOWa) 
A' 10ÜW20SuWa (BOWa) 
A- lOOWZOSuWa (BOWa) 
A- lOOW^OSuWa (BOWa) 
A- lOUW^ÜSuWa (BOWa) 

A- IOOW20SuWa (BOWa) 
A- 100W20SuWa (BOWa) 
A^ lOOWZOSuW.i (BOWa) 
A- 100Wi!OSuWd (BOWa) 
A- lOOWZOSuWa (BOWa) 
A- 100W20SuWa (BOWa) 

A- lOOWZOSuWa (BOWa) 
A- lOOWZOSuWa (BOWa) 
A- 100W20SuWa (BOWa) 
A- lOOWZOSuWa (BOWa) 
A. lOOWZOSuWa (BOWa) 
A- lOOWZOSuWa (BOWa) 

A- 100W20SuWa (BOWa) 
A- lOOWZOSuWa (BOWa) 
A- lOOWiOSuWa (BOWa) 
A- lOOWZOSuWa (BOWa) 
A. lOOW^OSuWa (BOWa) 
K lUÜW-iüSuW.i (BOWa) 

A'lOOWZObuWa (i.uwa) 
A'lOOWZOSuWa (bOWa) 
A- IGUWiuSuWa ((.OW.il 
A-IOOWZOSuWa (bOWa) 
A-IOOW20.SuWa (bOWa) 
A- lOOWZOSuWa (bOWa) 

A- lOOWZOSuWa (60Wa) 
A. lOOWZOSuWa (bOWa) 
A- lOOWZOSuWa (bOWa) 
A- lOOWZObuWa (bOWa) 
A' lOOWZOSuWa (bOWa) 
A' lOOWZOSuWa (bOWa) 

A- lOOWZOSuWa (bUWa) 
A- IOOW20SuWa (bOWa) 
A' lOOWZObuWa (bOWa) 
A- iOOWZO.SuWa (bOWa) 
A- ICOWZOSuWa (bO*a) 
A- lOOWZOSuWa (bOWa) 

19 
39 
39 
39 
39 
39 

39 
39 
39 
39 
39 
39 

39 
39 
39 
39 
)9 
39 

39 
39 
39 
39 
39 
39 

«D 
55D 
biD 
55D 
55D 
5SD 

55D 
55D 
S5D 
55D 
S5D 
55D 

55D 
«D 
56D 
SSD 
55D 
SbD 

S5D 
«D 
«D 
HD 
S5D 
55D 

9a 
9B 
98 
9B 
98 
98 

98 
98 
98 
98 
98 
9S 

98 
98 
98 
9H 
90 
9» 

0 
zn 
40 
bO 

120 
180 

0 
20 
40 
bO 

120 
180 

0 
20 
40 
60 

120 
180 

0 
20 
40 
bO 

120 
180 

0 
20 
40 
bO 

120 
180 

0 
20 
40 
bO 

120 
180 

0 
20 
40 
bO 

120 

180 

0 

20 
40 
DO 

120 
180 

0 
20 
40 
bO 

120 
180 

0 
20 
40 
bO 

120 
180 

0 
20 
40 
bO 

I2U 
180 

1110 
1110 

1110 

1110 

1110 

1110 

1110 

1110 
1110 

1110 

1110 

1110 

1290 
1290 
1290 
1290 
1290 
1290 

1290 
1290 
1290 
1290 
1290 
1290 

9 tu 
930 
9iO 
9iO 
910 
930 

1110 
1110 
1110 
1110 
1110 
1110 

1200 
1200 
1200 
1200 
1200 
1200 

1290 
1290 
1290 
1290 
1290 
1290 

570 
570 
•,10 
570 
570 
570 

7SÜ 
750 
rso 
.50 
750 
.'SO 

930 
OiO 
9)0 
9)0 
•MO 
9)0 

Purge 

None 
None 
None 
None 
None 
None 

yea 
yes 
yea 
yes 
yes 
yes 

yes 
yea 
yea 
yea 
yes 
yea 

None 
None 
None 
None 
None 
None 

yea 
yea 
yes 
yea 
yes 
yea 

yes 

yea 

yes 

yea 

yes 

yea 

yea 

ye a 

yes 

ye» 

yes 

yes 

yes 
yea 

yes 
yea 

yes 

yea 

yes 

yes 
ye» 

ye s 

yes 

yea 

yes 

ye a 

ye s 

yes 

yea 
ye a 

ye* 

ye. 
yes 
ye, 
ye, 
ye. 

Analyses   of 

Sintered   Material 

Per   cent 

~T c— 
9.24 

14.42 
14.45 
15. 14 
16.70 
16.64 

9.27 
13. 75 
14.51 
16.01 
15.79 
17. 17 

9.22 
14.07 

14.38 

14.77 
15,24 

17.98 

9.22 
14.02 
15. 16 
15.04 
16.08 
lb. 95 

10.03 
12.62 
12.63 
12.51 
12.71 
12.62 

10.0) 

12.48 

12.66 

14.20 

15.23 

15.86 

10.03 

12. 50 

14.21 

14.8) 

16.94 
17. 10 

10. 03 

1). Bl 

13.72 
13. bl 
14.0) 
16.35 

9. 31 
12.61 
13.22 
13. 37 
13.41 
12.71 

9. )1 
14. 36 
14,22 
1).91 
14. 15 

14.ZO 

9. )1 
14.27 
1). 72 
11.80 
14.52 
15. 11 

29.40 
53.17 
53.22 
49.75 
46.76 
46,24 

30,41 
54.08 
52,27 
48. 58 
47,60 
43,60 

29.94 
52.68 
51.03 
51,08 
50,82 
40, 59 

29,94 
54, 34 
50,40 
50. 50 
46,59 
44. 10 

31.85 
57.69 
57.41 
57.76 
57, 13 
56,67 

31.85 
57.37 
57.38 
53.41 
49.61 
48.29 

31.85 
60. 5) 
5).4) 
51.55 
44, 37 
44.29 

31.85 
54.6) 
54. 71 
54.68 
49, 75 
46, 88 

tl.44 
52. )9 
54.61 
55.48 
52. 63 
52.62 

11.44 
55.09 
54. 90 
55. 54 
54. 8) 
54.44 

11.44 
54. i7 
54.24 
54. 54 
51. )8 
50. 14 

H 

3.96 
0.21 

<.0. 1 
< 0.1 

0.0 

•'0.1 

3.83 
0.21 

.-0.1 
0. 1 
0.0 
0.0 

3.82 

0.13 

0. 18 

CO. 1 
CO. 1 

0.17 

3.99 
<0. 1 

0.0 
o, o 
0. 15 

■-0. 1 

3.66 
0. 16 
0. 16 
0.21 
0. 16 
0.20 

3.66 
CO. 1 

0.0 
0.0 

CO. 1 
0.0 

3.66 
0.0 
0.0 
0. 15 
0. II 
0,0 

3.6b 
CO. 1 

0. 13 
0. 17 
0. 14 

CO. 1 

3.43 
1.25 
1. 30 
1.24 
0. 77 
1.63 

3. 43 
0. 52 
0.44 
0.44 
0. 35 
0.41 

3.4) 
0. 35 
0.27 
0.27 
0. 15 
0. 34 

Sinterini' 
Över-all (ä) 

43.6 
44.0 
46.9 
50.5 
53.6 

40.4 
44.0 
45.6 
47.0 
53.5 

Lo a 8 e a 
B 

44. I 
45.6 
46.8 
50.9 
56.0 

48. 3 

50.3 

45.7 

48.2 

51.2 

39.3 
39.3 
40.0 
41. 3 
47.8 

39.3 
44. 3 
47. 1 
52.0 
53.7 

41.4 
42.0 
44. 3 
50.9 
52.6 

40.9 
41.4 

47.4 

52.5 
55. 3 

33.5 
38.0 

38.0 

38.2 

38.5 

39.5 
39.0 
39.0 
40.2 
40.4 

40.0 
40.7 
41. 3 
4). 7 
44. J 

11.7 
12.5 
12.5 
10.4 
16.5 

11.6 
12.2 
6.1 
7.6 

14.0 

14,7 

15.5 

14.7 

18.8 
14.3 

21.5 

18.3 

11.4 

9.9 
10.3 

23.6 
23,6 
25.1 
25.5 
34.4 

24.4 
29.7 
25.2 
27.0 
26.8 

27.0 

17,7 

17.5 

17.0 

19.1 

18.0 

19.8 
28.6 

33.5 

38.8 

9.7 

11.8 

10.8 

10.8 
16. 1 

6.5 
b. 7 
8. b 
9. I 
9. 1 

8. 1 
12.6 
12.9 
12. 1 
9, 1 

per   c ent 

CT _H_ 

97 
98 
98 

100 
/99 

-2.0 
-1.4 
9.9 

21. 1 
27.0 

-6.0 
3.7 

13.4 
19.8 
44.6 

2.6 
7.3 
9.3 

16.6 
40.4 

6.1 
16.4 
8.5 

19.6 

28.2 

-10.2 
-9.5 
-6.9 
-5.4 

7. 1 

-9.3 
0 

11.4 
25,2 
29.9 

-11,2 
3. 1 
9.6 

31.4 
34 

-1.4 
-1.7 
9.4 

25.8 
32.8 

-10.7 
-7.9 
-9.5 
-3,5 
-2.9 

-6.2 
-6.5 
-7.9 
-4.4 
-3.0 

-2.9 
-2. 1 
-1.9 

7. 7 
10.8 

98 
99 
99 

100 
100 

98 
97.5 
99 
99 
98 

99 
100 
100 
98 
99 

97.3 
98. 1 
98, 1 
98. 1 
97.3 

98.4 
100.0 
100. 0 
98.7 

100.0 

100. 0 
100.0 
97.0 
98. 5 

100.0 

98.4 
97.9 
97.6 
99.0 
98. B 

77 
7 7 
8b 
71 

91 
92 
92 
94 
9) 

94 
96 
96 
97 
94 

♦ 

(«)    P" i  »|| Int,        *'•   matcria' "' - *'■   nmrrial out 
*t.   material in lUii 

(b)   Gain in carbon 
Page ^5 
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TABLE XIV 
SUMMARY Of SINTERING DATA FOK STARCH-WATER 

BOUND BOme Am - CARBON TABLETS  

A- lOOWiWWA (»0W«| 
A- J00WÜSWA (80Wa| 

A. 100WÜSWA (80W> 
A. I00W2SSWA 80W> 
A- IO0W25SWA (»ÜW« 
A- 100W25SWA »OWa 
A- I00W2SSWA 80Wt 
A- I00W26SWA |80W« 

A. 1ÜOW2 5SWA (aOW«) 
A- I00W25SWA (SOW») 
A- I00W2S.SWA (»OW«) 
A- lUOWiiSWA (»OW«) 
A- 100W2SSWA (»OW») 
A- I00W2SSWA (80W<) 

A- 100W2MWA (»OW«) 
A- I00W26SWA (80W«) 
A' lUOWiVSWA (»OW«) 
A' lOOW^SWA («OW«) 
A' lOOW^SWA («OW«) 
A' IU0W2SSWA (80Wa) 

A- I00W25SWA (»OW«) 
A' lUOWittWA (»OW«) 
A- IOOW2%SWA (»OW«) 
A- I00W2SSWA »OW«) 
A. IOOW2SSWA (»OW«) 
A. 100W25SWA (»OW«) 

A- 100W2SSWA (»OW«) 
A- 100W25SWA (»UW«) 
A- ioaw;-.s*A (»ow«) 
A- 100W2SSWA («OW«) 
A- HIIIW.'VSWA (»OW«) 
A' I00W2SSWA (»OW«) 

A- 100W25SWA («OW«) 
A' 100W2^SWA («OW«) 
A- I00W2%SWA »OW«) 

A' IOOW2%äWA («OW«) 
A- 100W2^SWA («OW«) 
A- 10ÜWZ\SWA («OW«) 

A- IOOW2»WA («OW«) 
A. luuw:iiWA («OW«) 

A- IOOW2'>SWA (»OW«) 
A- IOOW2'tSWA (»OW«) 
A' 10OW2^SWA («OW«) 
A- 100W2,.SWA («OW«) 

A' 100W2'>SWA («OW«) 
A' IOOW2SSWA («OW«) 
A' IOOW25SWA (»UW«) 
A' lOOWiSSWA (»OW«) 
A iOOW2iSWA (»OW«) 
A   (UUWiSSWA (HOW«) 

A' 10OW2^SWA (»OW«) 
A- 100W2^SWA («OW«) 
A- 100W2SäWA («OW«) 
A' [OÜW2SSWA (HOW«) 
A- lOOWiKWA («OW«) 
A- (00W2S^WA («OW«) 

A- 100W2SSWA («OW«) 
A- JOOW21SWA (80W«) 
A- 100W2SSWA («OW«) 
A- (OOW2SSWA («OW«) 
A' 100W2SSWA (»OW«) 
A' 10OW2(>!)WA (HOW«) 

A' I00W2SSWA (»OW«) 
A- lOOW^SSWA (»OW«' 

A- 10OW25SWA («OW« 
A- 100W2^SWA («OW«) 
A' (OOWJiSWA {»OW«i 
A- 10OW2^SWA (»OW«) 

A- 1O0W2SSWA (BOW«l 
A' lOOWiSbWA («OW«i 
A- IOOW:SSWA (HOW«( 
A- lOOWi^SWA jtOWa] 
A- 10OW2SSWA («ÜW«j 
A   lOOWJ'-SWA l»OW«) 

A 100W2^SWA («0W«( 
A IOOW24SWA (»OW«) 
A .,u«, ■ .« A (aOWai 
A- . . i.« ' >* \ (»OW«) 

A tOOW2^SWA (HOW«) 
A   IOOW2^SWA («UW«) 

A' IOOW2SSW \ (SUW«i 

A- lUOWJtSWA IBOW«( 
A ..*.*« («OW«! 
A I00W2SSWA (BOW«) 
A- IOOW25&WA (nOW«i 
A   iOOttiSSWA («OW«) 

A IOOW2^SWA (»uw«t 
A . ^ * , ■ « \ (»0*«, 

A lOOW^^W« (nOW«i 

A lOVWJ^SWA («OW«' 
A IOUW."<bWA (iOWal 

A- I04W2VSWA (fOWaj 

A iee«2SS«A (IOWa> 
A .•,■.« \    -   *. 
A IOOW:SSWA (MW«) 
A «      -. « IMW») 
A *      .« *  («OW«) 
A -        « ^    «v« ■ 

Batch 
No. 

4) 
41 
43 
43 
43 

43 
4i 
43 
43 

54 
54 
S4 

54 
54 
54 
54 

56 
50 
56 

56 
5b 
56 

50 

56 
56 

56D 
5fcD 
■>6n 

■ I) 
-tu 
5« U 

560 

10 
to 
40 
00 

M 

Siata r injt 
Time Teniu 

0 1110 
180 11(0 

0 1200 
20 1200 
40 1200 
60 1200 

120 1200 
180 1200 

00 
120 
180 

0 
20 
40 

bO 
120 

Analy«*»   oi 
Sinte r.-.l   Material 

Par   cent 

120 
I HO 

40 
bO 

120 
180 

20 
40 
60 

120 

1»0 

120 
(»0 

120 
1«0 

120 
ISO 

56 120 
56 ISO 

-.61) 0 
5t[) 20 
Sf U 10 
61) 80 

56i) 120 
56D 180 

ita 0 
-t-D 20 
-.61) lu 

• c 
«< 

None 
None 

None 
None 
None 
None 
None 
None 

9.09 
17. I 

9.09 
11.94 
14.78 
15.76 
17. 16 
17.83 

35.77 
44.15 

35.77 
52.74 
51.09 
47.27 
41.41 
«l.l.« 

!'• ».I u* ■ I    m«l«rl«l i 

jr 
3.53 

<0. 1 

1.53 
0. 31 
0. 19 
0,20 
0. 17 
0. lb 

Sinter h 
Over-all 

. per cent 
e 

1290 None 9.09 15.77 3.53 
1290 None 14. 32 52.68 0.44 
1290 None 14.89 50.67 0.2 7 
1290 None 1*. 24 45.83 0.22 
1290 Nuue 17.82 41. 75 0. 13 
1290 None 18.61 18.61 0. 14 

932 Ye. 9,51 28.97 1. 70 
912 Ye. 11. 95 54.27 0.21 
9J2 Ye. 14. 05 55.0« 0.27 
932 Yt. 13.93 52.91 0. 29 
932 Ye. 14.41 51.25 0. 22 
912 Ye. 14.77 51.20 0. 18 

1110 Yr. 9.5) 28.97 1. 70 
1110 Yc. 14.07 51. 50 0. 12 
1110 Ye. 14.06 54. 16 0.22 
1110 Ye. 15.52 50.4 3 0. 19 
1110 Ye. 16.89 44. 1? 0. 2 0 
1110 Ye. lb. 81 44.57 0. 12 

1200 Ye. 9.53 18.97 3. 70 
1200 Ye. 11.29 55. 16 0. 19 
1200 Ye. 11. n 51.87 0.21 
1200 Ye. 15. 14 49.22 0.29 
1200 Ye. lb. 15 46. 17 0. lb 
1200 Ye. 17. «7 40. 89 0. 12 

1290 Ye. 9. 51 2«. 97 1. 70 
1290 Ye. 14.2) 52.7« 0. lb 
1290 Ye. 15. 17 45.71 0. 22 
1290 Ye. 16. 18 45.90 0. 19 
1290 Yr, 1«. 40 .*. 4« 0. 17 
1290 Ye. 20, 75 11.40 0. 0 

100 Ye. 10, 67 37.«3 1. 92 
100 Ye. 11. 10 51.00 0. 4) 
10(1 Ye. 1 1, 41 51.24 0. 5 7 
100 Ye. 1 1, 52 51.2S 0. 42 
100 Ye. 11.41 51.52 0,44 
100 Ye. 12. 17 49.2 9 1, 17 

190 Ye. 10. b7 37.83 1. 92 
»40 Ye. 16. HI 45.20 2. B6 
190 Ye. 17.91 41. 19 2. 1« 
190 Y... 1». b5 1H.22 1. 55 
390 Ye. 18. 10 19  61 1. 07 
190 Ye. 15,61 4/.95 0. 75 

s;u Ye. 10, b7 17.HI 1. 92 
5:0 Ye, 11. 11 41.61 1. 51 
5;u Ye. 1 1. 50 51. 11 0. 55 
570 Yc. 11.41 52. .'0 0,41 
5;o Ye. 11, 15 53.HH 0,24 
5:0 Ye. 1 ), 44 54. H8 0, 14 

.50 Yr. 10. 67 37.81 3. 42 
150 Ye. 13.42 55. 11 0. 19 
750 Ye, 1 3. 49 55. 12 0. 24 
'50 Ye, 13. 51 55. 17 0.2) 
.50 Ve. (5, 56 54.95 0.20 
•50 Ve. 13,55 55. 17 0. 19 

300 Ye. 10, 11 14. ».' 3. 1 3 
100 Ye. 11.42 51,22 0   85 
100 Ye. 1 1.  16 52,  (0 0  45 
100 Ye. 11,00 SO, , 1 0. 5» 
100 Ye. 1 1, Ob 40. 52 0.;: 
100 Yr. 12. 41 49, 59 1.22 

190 Ye. 10. 11 14, H; 3.11 
In Yr. II. 15 4), 54 2.29 
390 Yr, 12, 19 47, 6) '    14 
190 ). . 12, 61 51, 1) u, 9 ) 
190 1e. 13. 10 50, 00 0. ;t 
390 Ye. 1 ), 20 40. 40 0. 71 

5.0 Ye. 10, 1 1 14, H' 1. 11 
5^0 Ye. 12. 91 49, (4 0. 79 
5;o Y. , 1 3. 5b 51   OH 0. 5B 
5:0 Ye. 1 1, 54 56. 5b 0   16 
5T0 Ye. 1 1, 05 57.61 0. 11 
5-0 Ye. 11, 95 51. 10 0. It 

150 >e. 10, l> 14 H: ) (1 
50 Yr. 11,0- 5:.92 0.22 

(50 Y. . 11, 51 55. 70 0.22 
■0 >'. II, i: 51 ;4 0. 10 
50 T«. 15, 4 52. 59 0. 14 

.so Yr. 14, H5 49. 65 0. II 

1290 N....r 10. oa 12    1 2.10 
12tO Nona 14, 17 51. 14 0. 10 
.«o N.>6e 14. 1 : 52   90 0.21 

I2N Nona 11   HI 51   bl 0. 17 
1240 s >m 13.94 54   51 0   .4 
U1Ü N..r.r 14. 21 5 1. 02 0.20 

i: »*. Mom 4.01 14   02 1  a« 
1240 •1  ,., 17. 12 41. 5 0.20 
1240 N   r.r 17.22 41   9 '0.1 
liM M— 17. M 41   75 0.0 
IIH N,  . it   48 44  61 <0  1 
.2 M S mi 17, (0 44   40 <0. 1 

•t.   ma enal oal 

41 8 
46 9 
50 0 
54 1 
55 9 

44 5 

4b 2 
5i 8 
55 1 
57 6 

42 9 
45 1 
15 1 
46. 1 
47. 6 

50. 1 
54.6 
59. 1 

45. 7 
49.4 

52.9 
57.4 

62.9 

lb. 5 

1«. I 
IB, 8 
17. 5 

12.0 

II. I 
25. 7 

) 0 
)7 1 
)H b 

>» 9 
40 0 

1. 
)9 

3 
0 

)H 7 

19. 7 

40. 1 

15, 4 
2)  4 

15 ' 
16. o 
16 I 

4t   0 
41   C 

• t   0 
4V 1 

11.7 
13. I 

11.2 
13.2 
13.2 

1 3. 9 
IB. 2 
lb. 2 

9   9 
•t. « 

20. I 

21. I 

17.0 
24.1 
13.8 
42.9 
50.5 

■i. 0 
I. 6 
0. 9 

95 
98 
98 
98 
9H 

12.6 1H. 0 93 
12.0 2 3.6 96 
13.8 31.2 98 
11.5 47.6 98 
11.2 54.5 98 

16.4 -7.0 97 
19.2 -4. 1 96 
19.8 0 96 
18.7 1. 1 97 
18.6 7.2 97. 

19. 5 -7.9 9« 
20. 4 •1.2 97 
18.9 11. 5 97i 
19.4 10.9 97» 
27.9 17. 1 99 

25.2 -2. 3 97 
24.4 2.8 97 
19. 1 15.5 9b 
19.b 24.2 9« 
20.2 39.9 99 

18.9 1. 0 9« 
19.b 20.2 97 
19.0 2 5. 3 98 
17.8 41.9 98 
19.2 59.« 100 

20. H 14.4 91.0 
22.91 16.33 91. 0 
22.40 13.80 91,4 
21.44 14.90 93. 0 
21. 16 11.40 79.7 

•3.6 -3. 1 37. 0 
■2.5 18. 72 5«. 7 
-2.53 27. 54 n. T 
-l.bl 28.20 «1. ) 

5. 5 18. 13 87.6 

14.22 23. 30 71.2 
20. 50 15. 10 91.2 
22.90 14.40 91.6 
21.40 12.90 96, 1 
24.42 13.00 94, « 

12.45 21.50 96, 9 
13.90 2 3.54 96,2 
22. 34 10. bO 9t, 4 
23. 33 12.40 96,0 
24.01 12. 03 »7. 1 

H9   0 

■ro * 
41 « 
9b, 7 

«6, i 
4       1 

5 1,   Q 41,2 < 1 •   • /4t a 
0 10. 1 lOO   0 
4 29,2 »48  4 

27,8 )44 a 

1 

•1. milarukn 
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TAHI.K XVI 
SUMMARY OF SINTEKINC; DATXTOR STALLCH-WATEH 

DöüTOTBöIUC ACID-CARUöN »uiütrers    ~" 

Sintering L o 8 s e H 
Ana lysis   of 

e d   Mate Sinter rial 
Per   c en t 

 SitUexi »S   -. 
Batch 

No. 
Time Temp. 

•F 
N, _E er   cent  Over- 

Furmulation Min. 

0 

Purge 

None 9.27 29.51 

H 

3.9t 

all B C^ H 

A- 10UW25. 4SWA(88WA) 
Bldg.   47 BriciucU 4b 930 -- 
A. 100W25. 4SWA(88WA) 
Bldg.  47 Driquel» 4b 20 930 None IS. 06 50.69 0.25 46.5 13.05 8.10 96.6 

A. I00W25. 4SWA(8llWA) 
Blilg.   47 Briquets 4b 40 930 None 14.9b 49.76 0.23 46.9 13.05 8.10 96.9 

A-100W25.4SWA(88WA) 
Bldg.  4 7 Briquets 46 60 930 None 15.20 49.72 0.21 47.4 13.80 11.10 97.2 

A' 100W25.4SWA(88WA) 
Bldg.   4 7 Briquets 46 120 930 None 14.97 50.05 <0. 10 48.0 16.00 11.10 98.7 

A- 100W2S.4SWA(8BWA) 
Bldg.  47 Briquets 46 180 930 None 15.24 50.27 0.12 48.3 12.00 15.05 98.4 

A' 10ÜW25. 4SWA(88WA) 
Bldg.   4 7 Briquelh 4b 0 930 Ye» 9.27 29. 61 3. 96 "' 
A- 100W25. 4SWA(88WA) 
Bldg.   47 Briquets 4b 20 930 Ye» 15.13 50. 71 0. 10 46.5 12.70 8.10 98.6 

A- I0ÜW25. 4SWA(88WA) 
Bldg.  47 Briquets 46 40 930 Yes 15.05 49.86 0. 13 47.6 14.80 11.50 98.3 

A- I00W25.4SWA(88WA) 
Bldg.   47 Briquets 46 60 930 Yes 14.86 51. 19 0. 11 48.0 16.60 9.70 98.5 

A' I00W25. 4SWA(88WA) 
Bldg.  4/ Briquets 4b 120 930 Ye» 15,10 49. 84 0. 15 48.7 16.44 11.14 98.0 

A- 100W25.4SWA(88WA) 
Bldg.   47 Briquet« 4b 180 930 Yes 15.00 49.36 0.20 49.8 18.60 16.10 97.5 

A-100W25. 4SWA(88WA) 
3.96 Bldg.  47 Briquets 4b 0 1110 Yes 9.27 29. 51 " 

A- 100W25. 4SWA(88WA) 
Bldg.  47 Briquets 46 20 1110 Yes 14.96 49.71 0.11 48.5 17.10 11.00 98.6 

A- I0(JW25. 4SWA(88WA) 
Bldg.  47 Briquets 46 40 1110 Yes 14.86 47.54 0. 17 49. 1 18.3 29.6 97.9 

A. 100W25.4SWA(88WA) 
Bldg.   4 7 Briquets 46 60 1110 Yes 16.24 46.41 0. 16 52.4 16.60 25.10 98.0 

A- 100W25.4SWA(88WA) 
Bldg.  47 Briquets 4b 120 1110 Ye» 16.84 44.17 <0. 10 53.9 16.70 11.47 98.9 

A. 1Ü0W25.4SWA(88WA) 
Hldg.  4 7 Briquets 4b 180 1110 Ye. 17.67 42.33 0.11 56.5 16.80 17.48 98.8 

A. 100W25.4SWA(88WA) 
Bldg.   4 7 Briquets 4b 0 1200 Ye» 9.27 29. 51 3.96 " 
A- IO0W25. 4SWA(88WA) 
Bldg.   47 Briquets 4b 20 1200 Ye. 15.2) 49.03 0.32 46.9 12.70 11.80 95.7 

A' 100W25.4SWA(88WA) 
Bldg.   4 7  Briquets 4b 40 1200 Yes 15.92 4b. 40 0.14 52.2 17.94 24.80 98.3 

A- 100W25. 4SWA(88WA) 
Hldg.   4 7 Briquets 46 60 1200 Ye« 16.81 45.20 0.20 53.5 15.80 28.84 97.6 

A- 1U0W25.4SWA(88WA) 
BW«.  4 7 Briquets 46 120 1200 Ye» 17.91 41.39 0.00 56.8 16.60 19.41 100.0 

A- lU0im.4SWA(88WA) 
Uhlg.   47 Briquets 4b 180 1200 Ye. 18.10 39.61 <0.1 58.5 18.92 44.30 99.0 

A'1U0W25.4SWA(88WA) 
Bldg.   4 7 Briquets 4b 0 1290 Ye. 9.27 29. 51 3. 96 " 
A100W2').4SWA(88WA) 
Hldg.   47 Briquets 4b 20 1290 Ye» 15.61 47.95 <0.l 52.8 20.50 21.20 98.8 

A-100W25. 4SWA(a8WA) 
Bldg.   4 7 Briquets 46 40 1290 Ye. 13.11 41.63 1.46 53.9 34.71 14.92 83.0 

AI00W25. 4SWA(88WA) 
Bldg.   4 7 Briquets 4b 60 1290 Ye. 17.10 43.90 0.22 55.4 17. bO 11.60 97.5 

A-I0UW25. 4SWA(88WA) 
Hldg.   4 7 Briquets 4b 120 1290 Ye. 17.45 39.05 0.39 59.5 13. 12 51.11 96.1 

A' 100W:5. 4SWA(88WA) 
Hldg.  4 7 Briquets 4b UO 1290 Ye» 18.00 38. 15 0. 15 58.3 22.61 48.60 98. 4 

A- 100W25. 4SWA(88WA) 
Bldg.   47 Briquet» 4b 0 1290 None 9.27 29. 51 3.96 "' 
A- lOOWii. 4S*A(B8WA) 
Bldg.   4 7  Briquet. 46 20 1290 None 15.15 49.25 0.12 45.6 11. 10 9.22 ■)H, 4 

A' 10UW2^.4SWA(88WA) 
Bldg.   47 Briquets 4b 40 1290 None 15.50 48.60 0.14 48.4 11.70 16.02 98.2 

A- lUÜW2S,4bWA(8aWA) 
Bldg.   47 Briquet» 4b 60 1290 None 16.30 45.50 0.0 50.4 12.80 21.51 99.0 

A- lOOWiS. 4SWAI8BWA) 
Bldg.   4 7  Briquet» 4b 120 1290 None 18.30 38.65 0. 16 55.2 28.80 50. 80 98.6 

j' 
A- 100W2V ls*A(ll.1WA) 
Hldg.   4/ Hiiqurt» 4b 180 1290 None 20.24 )b. 29 0.0 63.3 12. 70 62. IS 99.0 
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TABLE XX 
SUMMARY OF SINTERING DATA FOR 

Residual 

SUÜAR-WATER BOUND CARBON T> iBLßTS 

Over-all 
Sintering Hydrogen 

Per cent 
Sintering 

iime       Temp. Loss 
Formulation                   Batch No.    Min.          eF Purge 

No 

H 

0.42 

Per cent 

67W.33SuWa(70Wa)          38               20         750 34.8 
40          750 No ,   0.35 31.2 
60         750 No 0.22 18.4 

120          750 No 0.26 32.8 
180          750 No 0.46 33.5 

20          930 No 0.39 32.5 
40          930 No 0.24 33.9 
60         930 No 0.41 38.0 

120         930 No 0.45 45.6 
180          930 No 0.26 68.0 

20        1110 No 0.32 28.4 
40        1110 No 0.45 38.4 
60        1110 No 0. 14 22.0 

120        1110 No 0.43 25.8 
180        1110 No 0.43 82.5 

20        1200 No 0.29 39.5 
40        1200 No 0.37 42.5 
60        1200 No 0.30 51.0 

120        1200 No 0.34 43.2 
180        1200 No 0.23 50.8 

20        1290 No 0.39 35.2 
40        1290 No 0.29 34.4 
60        1290 No 0.28 38.3 

120        1290 No 0.28 47.9 
180        1290 No 0.31 39.6 

Page 53 



em 
C 

•H 

V 

a 

^OOOOOOOOOOrM 

n 

in m 

t^MTjiooin^oooinfomNOAjo^^ininMoo-H-H 

inininrOMir>jinr-sO'l<NO«<i      ^ro-^rjON-« — -HOwiOr^-vOvOi^^N'J'rn 

sOvDcrvOvrnovoooOrg'tmoO 
rgin-iin«i<inrjininroin^'-Hfo-H-<rt'fin^< 
•fLfi\Of^sDOoooN^HOr^r--HinN^O'^Nrnr^ 

iniftlfllfl^iMminvOMN-^       'HrOO(<JO^NO(M'1<'Jl-H^"rtOf<1(MNOff^M 

-^ -« " O O O^ O O O 0> a> 00       IM (M O rj O -<* -H ^.' rq (vj* rj M" o O O -< O O -< O 

0 
w 
w 
w 
«5 
0 
J 
Ü 
2 
5 
W 
H 

X2S 
W|OH 

H 

Q 

0 

W 
Q 
U 
05 
0. 

b. 
0 

h 
U 
W 

u 

X 

U (4 
w"^ 
4i 

s 
A

f 
ri

n
g

 
en

t 

0 
11   w   0 
oi Z . 
ir.sS g wp, 
< w 

Q     o, 

•a 
4) 
M 
a. 

a 
Et 
01 c 

JS   . 
U   0 

^2 
03 

c 
0 

% 
o 
E 
u 
0 

r-pooOvO-i<o,*r^O<^MOO 

o o o o o o o o o o o o 

Oa^irtinr^r^^in—«vO^iri 
t^inr»^Oroff^o^^or^'tr--H 

o o o o o o o o o o o o o o o o o o o o 

N'virjr^fOinrgfsjror^minmr^^rsio^mr^fM 
or-rooooinin-.ooCT~'tiniM-<^<Tj<0')<Nm 

mininmifjinininininmin inifiLnininiriirinir)intn^j*,^^*Tj'^<iniriinm 

inrorO(>4r~'»,Nrgrg«fsO<0 
sOiMoo-imrtinoorMOONfO'finvO^'Tfoo-HO 

^.^^4^.^.^.^.^.^.^.^.^, 'f t ■1' 1< 1«' W '»'' V ro f' V V rf fO ■^' V V rr V 

OOfOOOI'MOOO 

00 o M' O OO" O f-' <o « 

(J-sO'fCT-a-«0^'<»,fOsOOOeOr-Or^OOf<1 

f oo —i o -i« in o a> ü IM so ■>»' o po rg rj o rj 
«4 M -H ^ M        'HlMNN^-^'MlMPlm 

-o T3 -a 
O   U D 

■ »4   «M ■"« 
h     kl lH 

"U "Ö 'Ü 
U  V u 
M    L. U 

a, a, a, 

rj 00 
_ TJ- 
IM IM 

T3 -a •o -o -o -o -o 
0   ii t> ^ ^   ij li 

•H   ■»-, -iH -H -rt   -f» iM 
u I.. I, w, t, t t, 

'O '0 ^ t3 X) "O 13 
W   ft) 4J 4* ü   Ü 5J 

t. t, k.   t. I. 
^^^    0,0,0,0,0,0,(1,0,    „„ 

COOOOOXOOOOrjiNJlMiMiMN^O^OsOsO-ONO 
•f«f*f^^*Tfooooooinininininm 

'OTJiMlMiMNlMIMfOronlr^flrifilPOr^rnrOroro 
ft)   HI 

u n 
-0 TJ 
O   V 

0,0, 

o o o o 
2 2 2^0 

oooooooo 
^O ^O ■'O "^ ^o ^ ^ ">0 

£20ooooooooooooooooo 
ÄÄf^i^NO^rji\Ji,OrnsOsOiNJlNJiv,l',nvOsOiMlM 

I- 

I« 

s 
o 
00 

3 

o 
«M 

o 
o 

c 
i> 
u 

C 
h tl 
OJ u 
a ^ 
t- 0 
m a 
ro -r 

0- 

t: ►1, 

O 
u *j 

u 
IH fti 
V (J 
a h 

m 41 
00 a 
IM o- 
f^ X 

41 
U c 
h u 
V u 
Q. M 

ro 0 
— a 
o O- 

f 

(>, 11 O- 

o C3 ii 

a- M 
tc 

w c u 
1« ■H c 
■Jl u •p. 
V V 1, 

3 
i T) 
h b 

U 0. M 

E 0. 
tl V 

o h I, ^) 0 0 
v^ •« 

h II u 
0 a J «« 

in 
■o tl II 

in ■A 

>■ >• •-• 
c c 3 
(/I < < 

•» 

Page 54 



ü3i 

0. 

I o 

00 

N 

00 

00 

I  X 

IM 

«3    , 
SO" o 

I   IT- 
I  « •   C0       00 

- D 

5, 

0-* 
o 0> LA 9^ 

Tf 00 

N O 

r- o 

X in o in 
O N 

r- 

t o O m o o Vo o 

r^ in oo 

f~  J 

ff* n 
N V 

irt m 
O N 

* OO 

-<'r«' 

N O O in 00 

»n" 

o _ 0^ 
• 

n iX 

4) in o 

« in 

IM 

in oo' in in 

-. o 
o-V in o'-o 

.3 
3 

u 

2    0 
• o     o 

• o o o 
22o o 
S2N2 

« « '• 3 

o 
o 

' T. T - 

t> i U * <J 
>.'•>•».►. 
0 ~J   41 -O   ij 

« k s S g 
«Q.inB.üi 

02o2 
N^ IM0 

'«"'S 
>.'. • i.' • 

«) T)   1) 

U,l*U,i* 
o o 0 o 
X r^ 5? #-. 

h.hh.h.        t.K    fc.h 

v "^ 
fc >. ».' 
0 "0  tl ' 

•« " s * 5 
v >• a >• S 

h   k   M   »,   i, 

^ i-  c (. c 
«0.(0 0.51 

0 2° 2 o o0 o 
IM ^NJ 

•5SS 
'•' J *>' .• 
^^ 

«j  -  C 5 « 
h  >< k h h 
0 -0   «1 T3   t 

v >• g k a 
« o. w n, ^ 

02 
;53 

0 2 

,S S 

EE 

1 

X 
N 
II 

E 

3  3       3 
AB,    £ 

* u 
+ 

0 < 
c a 
0 

0. J:2 
n A 
-o v) 

8° 
at" 

*  tt 
V  « 

S E 

« 

<5 

T) k 

hm 

0 '0  c 
ü I) " 
II  k   S 

.gi 

00 C0 

' (I 

•< 9 

b|h<(k>k 

0 2o2 N 2 N0 

k     • k    • 
i3 k 3 k 

tl T3  |j T3 
U   - 1/   - II 
k   k k   k k 
0 "0 U U II 

i> k d k o 

U.lkU.lk 
•   i. •   ^ 
o ^ o o 
oo So 

k    •  k     • 

o 
i a 

fefchj*       fch 

k   k   k   k   k 
0   0   41   0   II 

C; u ^ u «J 
ii k ß k g 
ffl0.iflO.M 

02o2 0S02 rJ2 N 

k    • k    • 

V   H K   S II 
k »> k k k 
o "0 v t) II 

B k ,g k s 

o2 

33 

ti S II 
b k k 
0 fl * 

»; II •- 
II k s 
«0,10 

i i    ii i 
5i       3 

ii 

^» 
k   k 
«   O. 

•0 -C Xl 
> * K 
II II I, 

E E E 
ii 

2°, of 

. 

o 
Z 

u ü 
x ü 

it u 
x 

P«|. « 



TABLE XXIII 
COMPARISON OT SlgTEgma LOSSES FOR 

REGULAR AND PRfiDRYII^O älNtElÜNG- 

PROCgPÜl^ES  

Run No         Pr^rHo Per cent Boron Loss (a) Per cent Carbon Loss (a) 
RunNo.        Fraction Regular           Predried Regular          Predried 

RG-138         -6 Mesh 32.5 
6 Mesh 1/4 in. 28.9                  19.4 3Z   0                  ?S  7 
1/4 in.  - 3/8 in. 36.7 "Q  "                 "• 7 

3/8 in.   -  1/2 in. 25. 4 
+ 1/2 in. 327 

RG-139 -6 Mesh 
6 Mesh - 1/4 in. 37. 8 
1/4 in.   - 3/8 in. 23. 6 
3/8 in.   -  1/2 in. 13.7 9. 3 20.0 \\\l 
+ 1/2 in. 10. 5 4 

RG-140        6 Mesh -1/4 in. 19. 5 14 7 Z2   3 219 
1/4 in.   -  3/8 in. 20.7 12.8 19'1 24" 7 
3/8 in.   - 1/2 in. 27.1 7.2 19.1 g! 8 

(a)   Average values presented for duplicate runs. 

32 8 
32 0 
39 5 
27. 0 

36. 9 
23. 4 
20. 0 
13. 8 

22. 3 
19. 1 
19. 1 

33.2 

39.9 36.9 47.8 
23 

1 13.8 10.3 

V 

^ 
: t 
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TABLE XXIV 
VACUUM DRYING OF A. IQOw BÖRlC ACID CARBON GRANULES 

Drying   (a) Analysis   of 
,„    Conditions  Dried   Product 
Time Temperature ß c" ho' - - H 
üi:  "F  Per cent Per cent Per cent 

2 138 U.3 38.9 3.38 
2 "9 12.1 36.6 2.66 
2 3I8 14.2 42.4 1.03 
2 405 14.2 50.4 0.89 

1 140 9.3 36.7 
2 140 10.8 32.8 

3.98 

3.71 
4 I40 10.0 31.0 4.59 

1 ^4 10.6 34.3 3.43 
2 ^4 10.3 36.1 3.67 
4                     194                      11.2               36.2                 3.37 

(a) All tests made under vacuum of 23-25 inches Hg, 

(b) B:H ratio in HJBOJ = 3. 58 

B:H (b) 
Ratio 

3 34 

4 55 

13 8 

16. 0 

2. 34 

2. 91 

2. 18 

3. 09 

2. 81 

3. 33 
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TABLE XXV 
EFFECT OF SINTERING METHODS 

OM PEGRADAT10N OP GRANULAR FEED 

Identification 
of Description of Material 

Material (Processing Conditions) 

RG-138 Powdered BA.  + carbon + 
water spray 

RG-138 Powdered BA.  + carbon + 
water spray 

RG-138 Powdered BA.  + carbon + 
water spray 

RG-139 Powdered BA.  + carbon + 
BA.  spray 

RG-139 Powdered BA. + carbon + 
BA.   spray 

RG-139 Powdered BA. + carbon + 
BA.  spray 

RG-140 Granular BA.  + carbon + 
water spray 

RG-140 Granular BA.  + carbon + 
water spray 

RG-140 Granular BA.  + carbon + 
water spray 

Sintering Conditions (a) 

1 hour at 200»F + 
1 hour heat-up to lOOO'F + 
1 hour at lOOO'F 

1 hour at 1000oF 

1 hour at 200° F in 
drying oven 
1 hour at 1000oF in 
sinter oven 

1 hour at 200,F + 
1 hour heat-up to lOOO'F + 
1 hour at lOOO^F 

1 hour at lOOO'F 

1 hour at 200,F in 
drying oven 
1 hour at lOOO'F in 
sinter oven 

1 hour at 200,F + 
1 hour at lOOO'F + 
1 hour heatup to lOOO'F 

1 hour at lOOO'F 

1 hour at 200^ in 
drying oven 
1 hour at lOOO^F in 
sinter oven 

Amount of 
Degradation 

Per cent 

14.3 

13.2 

33.4 

4.1 

6.8 

18.8 

8.7 

2.1 

7.8 

(a)   1/2 in.  loading on 8 x 13 x 1/2 in.   stainless steel tray« 
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Excess 
Carbon 
per cent 

Height of 
Drop Test 

in. 

Condition of Pellets 

Before Sintering After Sintering 

50 33 Firm Slightly Soft 

100 27 Firm Slightyl Sof 

150 27 Firm Hard 

200 18 Firm Soft (Friable) 

Before Sintering, Drop Test 

100       150 
Excess Carbon, per cent 

200 

Hard 

Firm 

c  Slightly 
2    Soft 

c 
0 
Ü 

soft: 

UXpSinlejEj 

50 100 150 
Excess Carbon, per cent 

Figure 3 - Effect of Excess Carbon on Pellet Strencth 
Boric Oxide Pellets with 25 per cent Koppers 
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Excess 
Carbon 
per cent 

Drop Test 
Height 

in. 

Condition of Pellets 

Jefore Sintering After Sintering 

20 20 Weak Slightly Soft 

100 21 Fiar Slightly Soft 

150 22 Fair Hard 

200 Very Low Very Weak 

c i 
£22 
H 

] 

221 
Q 

1 

0 
«20 
A 
00 

-^e 

Before Sintering,  Drop Test 

Excess Carbon,  per cent 
~7or 

0, 

Har 

Firm — 

Slightly 
Soft 

•o 
c 
0 
U 

Soft 

After Sintering 

50 100 150 
Excess Carbon,  per cent 

200 

Figure 4 - Effect of Excess Carbon on Pellet Strength 
Boric Oxide Pellet« with 25 per cent Koppen 
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Binder 
per cent 

4 

 6. 

.10 

14 

-la. 

LJ.L 

Strength of Pellets 

Before Sintering 

95 per cent Broke in 
Pellet Machine 

90 per Cent Broke in 
PeUet Machine  
75 per cent Broke in 
Pellet Machine 
57 per cent Broke in 
Pellet Machine 
47 per cent Broke in 
Pellet Machine  
25 per cent Broke in 
Pellet Machine 
15 per cent Broke in" 
Pellet Machine 
40 per cent Broke in 
Pellet Machine..  

After Sintering 

Soft,  Fused, and 
Deformed 

!SkÄd'and 
l  Soft,  Fused, and 
j  Deformed  
'  Soft,  Fused, and 
i Deformed __^ 

Soft,  Fused, and 
■ i—Deiormed  

Soft 

Fi 

\^.ry.,SQj[L. 

S  loo 
X o 

Before Sintering 

10 W 
Binder in Pellets,  per cent 

Firm- 
w 
4) 

«Slightly 
* Soft 

«   Soft 
m 

Very 
Soft    0 

After Sintering 

5 I.) J5 
Binder in Pellets,   per cent 

Figure 5 -  Effect of Binder on Pellet Strength pa„e     oQ 

Boric Aiid Pellets with  1U  per cent 3 9 

Excess   Carbon-K-JSO P.tth Used as Binder 
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Figure 12A    Effect of Sintering Time and Temperature on Boron, 
carbon   and Hydrogens Losses of Sugar-Water 
Bound Tablets ( Continued) 
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Sintering Time,  min, 

Figure 15 (Continued) - Effect of Sintering Time and Temperature on 
B. C, and H Losses of Starch-Water Bound Briquet. 
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Figure 17 • Effect of Sintering Time and Temperature on Overall Losses of 
Sugar-Water Bound Carbon Tablets 
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Figure 21 - F'ee Mdsture VerBu« Drying Temperature for Boric 
Acid-Wuco Carbon Granule.. Link Belt Co. Tem 
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VII.       APPENDIX 

A.    List of Raw Materials 

1.     Carbon 

Witco Furnace Black: 

(1) Vendor: 

Witco Chemical Co. 
260 Madison Avenue 
New York 16, New York 

(2) Chemical and Physical Data 

(a)    Prepilot Scale Stock 

F-l Witco Powder 

Fixed Carbon 

Moisture, maximum 

Avg. Particle Size, millimicroms 

Specific Gravity 

Apparent density 

Ash 

99 Per cent 

4 Per cent * 

70 m Ak 

1.90 

20 lb./ft.3 

0. 2 Per cent 

(b)    Pilot Plant Stock 

SRF beads: This form of Witco 
black is identical with F-l powder 
except that it is in beaded (approxi- 
mately 1/6 inch diameter) form 

Fixed Carbon 

Moisture 

Avg. particle size (ultimate) 

Specific Gravity 

Apparent Density 

Ash at SSO'C 

Calcined Gilsonite 

(1)      Vendor: 

American Gilsonite Co. 
134 W.  Broadway 
Salt Lake City, Utah 

99 Per cent 

4 Per cent* 

70 myn 

1.80 

27  30 lb./ft.3 

0. 35 Per cent 

l'>. 

♦   Typical = 1.0 Per cent 
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(2)      Chemical and Physical Properties 

Ash <0. 5 Per cent 

Volatile 0. 5 Per cent 

Fixed Carbon 97, 5 Per cent 

Moisture (typical) 1.0 Per cent 

Bulk density, approx. 1.14 lb/ft.1 

True density 2. 04 lb/ft.3 

c.     Petroleum Coke 

(1)      Vendor: 

Great Lakes Carbon Corp. 
Niagara Falls, New York 

(2) Chemical and Physical Properties 

Type 3005 and 3020: 

Fixed carbon 98. 0 Per cent + 

HjO 0.1 Per cent 

Sulfur 1. 0 Per cent 

Ash 0. 25 Per cent 

SCREEN TEST 

Type 3005 Type 3020 

mesh size Per cent Retained mesh size Per cent Retained 

1/2 in. 4 150 Trace 

3/8 in. 9 200 3 

3 m. 10 Pan 97 

4 12 

6 12 

10 25 

20 18 

35 6 

65 1 

thru 200 3 
•7. 

y 
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Boron Compounds: 

a. Boric Oxide: 

60 and 100 mesh technical powder: 

(1) Vendor: 

U.  S.  Borax and Chemical Corp. 
50 Rockefeller Plaza 
New York 20, New York 

(2) Chemical and Physical Properties 

BjO, 98. 83 Per cent 

H20 0. 75 

Ash:      maximum 0.77 

typical 0. 32 

Bulk density 

60 mesh 56.  lb/ft.3 

100 mesh 61. 5 lb/ft.3 

b. Boric Acid: 

60 and 100 mesh technical grade powder; 
20 mesh granules: 

(1) Vendor: 

U.  S.  Borax and Chemical Corp. 

(2) Chemical and Physical Properties 

Theoretical Composition 

B2Oj 56. 3 Per cent 

HjO 43. 7 

Impurities nearly the same as BjOj 

c     Anhydrous Sodium Tetraborate f' 

(Anhydrous Borax Dust) • 

(1)      Vendor: V 

U.  S.  Borax and Chemical Corp. f 
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(2)      Chemical and Physical Data 

Theoretical Composition: 

Na20 30. 8 Per cent 

BjO, 69.2 Per cent 

Typical Analyses 

Na2B407 99.3 

H20 0.4 

Ash 0.3 

3. Binders: 

a.     K-150 

Koppers petroleum pitch 

m.p.  = 150oF 

Koppers Chemical Co. 

b.     K 200 

Koppers petroleum pitch 

m.p.  = 200T 

c. Refined (white, table) Sugar: 

purchased in 5 and 100 lb.  cartons or bags from 
several wholesale and retail grocers 

d. Unrefined (brown) Sugar: 

purchased in 2 and 5 lb.  size cartons from several 
retail grocers 

e. Molasses, black strap, Industrial: 

Riverside Chemical Co. 
North Tonawanda, New York 

Total ash 8.4 Per cent      ' 

CaO 1.5 

KjO 3. 5 j • 

HjSOWSO,) 1.6 [' 

Na20^ 02 

Fc 

la20^ 

>20J/ 

£.      Starch, Potato, commercial 

Morningstar-Nicol 
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